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ABSTRACT 

Abandoned  underground  coal  mines  In  the  Stockett  and  Sand  Coulee, 
Montana  region  have  been  discharging  acid  water  for  many  years,  causing 
severe  pollution  of  Sand  Coulee  Creek  and  tributaries,  and  ground-water 
resources.   A  two-year  investigation  of  the  hydrogeology  of  the  Sand 
Coulee  Creek  basin  was  conducted  to  formulate  acid  mine  drainage  miti- 
gation techniques  base  on  hydrologic  systems  controls  and  de-centra- 
lized neutralization. 

Periodic  field  inventories  in  1980-83  located  at  least  17  acid 

discharge  points  flowing  either  perennially  or  ephemerally.   The  mea- 

3 
sured  total  rate  of  acid  discharge  ranged  from  1-3.3  ft  /s.   Most  acid 

discharges  were  of  very  poor  quality  with  field  pH  ranging  from  2.2  to 

5.4,  acidity  from  108  to  6002  mg/1  as  CaCo-  and  specific  conductance 

from  1038  to  15,966  mlcroslemens  per  centimeter.   Water  types  were 

mostly  ferrous-allumimum  sulfate  with  dissolved  iron  concentrations 

from  12  to  1065  mg/1. 

Two  stream  gaging  stations  were  Installed  on  Sand  Coulee  Creek  and 
one  on  Straight  Creek.   Although  the  watershed  area  of  Straight  Creek 
is  only  4%  that  of  Sand  Coulee  Creek,  it  had  longer  duration  and  some- 
times greater  magnitude  baseflow,  primarily  composed  of  acid  mine 
drainage.   Acid  water  comprises  roughly  60-90  %  of  the  baseflow  of  Sand 
Coulee  Creek.   Most  baseflow  is  lost  to  evapotranspiratlon  and  subsur- 
face seepage. 

A  regional  Inventory  of  46  domestic  wells  Indicated  that  approxi- 
mately one-half  utilized  the  Madison  Limestone  aquifer  as  the  primary 
water  source  with  most  of  the  remainder  equally  divided  between  Kooten- 


al  sandstone  and  Jurassic  sandstone  aquifers.   Most  alluvial  ground 

water  Is  polluted  and  has  not  been  utilized  by  residents  for  many 

years.   Vertical  ground-water  gradients  are  primarily  downward  which 

has  allowed  mine  drainage  contamination  to  reach  the  Jurassic  and 

Madison  aquifers.   Water  quality  analyses  and  chemical  modeling 

indicated  the  probable  contamination  of  seven  of  sixteen  sampled  wells  j 

in  these  aquifers.   Mine  drainage  water  reaches  lower  bedrock  aquifers 

through  stream  seepage,  alluvial  ground-water  leakage  and  well  bore 

leakage. 

Proposed  mitigation  techniques  included,  infiltration  control 
through  cultivation  of  water  consumptive  crops  and  grain  re-cropping  in 
recharge  areas,  vertical  connector  wells  or  horizontal  wells  to  dewater 
the  Kootenai  aquifer  overlying  the  old  coal  mines,  injection  and  neu- 
tralization of  acid  water  in  the  Madison  limestone  and  small-scale  neu- 
tralization pits  using  flyash  and  alkaline  Kootenai  ground  water. 

Key  words:   Acid  mine  drainage,  streamflow  seepage,  surface  water- 
ground-water  interaction,  ground-water  contamination,  in- 
filtration control,  drainage  wells. 
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I .         INTRODUCTION 

This    report    presents   results   of    the   Montana  Water   Resources 
Research  Center   project   no.    A-129MONT,    Interaction   between  ground   water 
and   surface  water   regimes   and  mining-Induced  acid  mine   drainage    (AMD) 
in  the   Stockett-Sand   Coulee   Coal   Field.      The   second   year  of    the   project 
was    50t   funded   by    the   Montana    Department    of    State    Lands,    Helena,    Mon- 
tana.     The   project   was   conducted   by   the  Montana   Bureau  of  Mines  and 
Geology,    Butte,   Montana   in   1981-83. 

1.1   Problem  Description 

Coal  in  the  Stockett-Sand  Coulee  area,  near  Great  Falls,  Montana, 
occurs  within  the  upper  part  of  the  Morrison  Formation  (Jurassic)  and 
is  exposed  along  outcrops  in  the  valley  of  Sand  Coulee  Creek  and  its 
tributaries.   Unlike  the  Eastern  Montana  Tertiary  coal  deposits,  the 
coal  in  this  area  is  higher  in  grade  (bituminous)  as  well  as  in  sulfur 
content  (0.5-5.5%)  and  is  moderately  high  in  ash  (about  20%)  (Silverman 
and  Harris,  1967).   Mining  in  the  area  commenced  before  the  turn  of  the 
century  via  numerous  adits  which  were  constructed  along  the  bottoms  and 
sides  of  the  major  coulees.   The  last  large-scale  mine  closed  in  1952, 
but  some  recent  exploratory  drilling  has  been  concentrated  in  the  area 
between  Great  Falls  and  Stanford,  where  these  coal  deposits  occur  gen- 
erally within  100-300  feet  of  land  surface. 

The  extensive  underground  mining  activity  has  allowed  easy  access 
for  oxygen  and  water  to  enter  the  system  of  abandoned  mines,  and  as  a 
result,  the  area  now  has  an  extensive  acid  mine  drainage  problem. 
Ground  %«ter  infiltrates  through  the  overlying  Kootenai  Formation  Into 
the  Morrison  Formation,  oxidizing  pyrite  within  the  abandoned  mines  and 
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discharging  at  low  pH  (2.3-5.0)  from  abandoned  mine  portals  or  through 
mine  spoil  backfill  materials. 

While  the  existing  problem  is  primarily  the  result  of  mining 
activities,  it  is  possibly  being  enhanced  by  non-water  conservative 
summer-fallow  cropping  practices  on  the  upland  benches,  which  increase 
the  amount  of  water  that  moves  into  the  subsoil  and  then  into  the  Koo- 
tenai Formation.   Any  future  mining  operations  which  become  active  in 
this  area  will  have  to  confront  the  hydrologic  impacts  of  their  activi- 
ties during  and  after  mining.   In  light  of  the  proposed  construction  of 
coal-fired  generating  facilities  in  the  Great  Falls  area  within  20 
miles  of  this  old  mining  district,  the  probability  of  new  mines  being 
established  somewhere  in  the  Great  Falls-Lewistown  coalfield,  although 
remote,  is  as  great  as  It  has  been  in  the  last  30  years.   A  location 
map  is  shown  in  Figure  I. 

1.2  Previous  Work 

Fisher  (1909)  published  the  first  report  on  this  area,  describing 
the  geology  and  coal  resources  in  some  detail  and  including  a  brief 
description  of  the  mining  operations  active  at  that  time.   A  chemical 
analysis  of  spring  water  near  Stockett  was  made,  which  indicated  that 
the  water  was  alkaline  and  unpolluted. 

Goers  (1964)  performed  a  geological  study  of  the  Stockett-Smlth 
River  area,  which  included  field  inventory  of  a  number  of  water  wells 
in  this  area. 

Silverman  and  Harris  (1967)  described  the  geology  and  stratigraphy 
of  the  Great  Falls-Lewistown  Cretaceous  coal  field.   A  generalized 
stratigraphy  and  detailed  Isopachs  of  coal  sequence  were  presented. 
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Also,  geochemlcal  characterization  of  a  limited  number  of  coal  samples 
was  performed. 

McArthur  (1970)  performed  a  detailed  short-term  study  of  the  envl- 
ronnental  aspects  of  acid  mine  drainage  In  the  Stockett-Sand  Coulee 
area.   He  performed  a  detailed  spring  Inventory  and  measured  flows  and 
pH  over  an  eight  month  period  for  selected  springs  and  surface-water 
stations.   His  work  Included  an  assessment  of  the  hydrologlc  system, 
some  water  quality  analyses  and  presentation  of  some  alternatives  for 
mine  water  neutralization,  including  limestone  or  lime  treatment  and 
mine  flooding. 

Hydrometrlcs  (1982)  submitted  an  extensive  and  comprehensive 
report  on  abandoned  mine  lands  in  the  Belt-Sand  Coulee  area,  con- 
centrating on,  but  not  limited  to,  the  hydrology  of  acid  mine  water  in 
this  area.   They  provided  a  complete  literature  review,  an  assessment 
of  amelioration  alternatives  and  a  re-inventory  of  the  springs  in  this 
area.   Some  hydrologlc  data  was  collected,  although  only  over  a  four 
month  period. 

1.3   Study  Rationale 

This  project  was  designed  to  collect  sufficient  data  to  allow 
assessment  of  alternatives  to  centralized  treatment  of  acid  mine  drain- 
age.  An  ideal  alternative  to  treatment  would  dispose  of  and/or  prevent 
acid  mine  discharge  in  an  inexpensive  manner,  easily  applied  over  an 
extensive  area,  with  reasonable  maintenance.   This  investigation 
focused  on  the  hydrogeologlc  background  of  two  general  amelioration 
techniques  which  may  meet  these  criteria: 


1)  Infiltration  control;  whereby  the  amount  of  water  infiltrating 
the  old  mine  workings  is  reduced  by  minimizing  ground-water  re- 
charge or  dewatering  the  overlying  aquifer;  and 

2)  On-site  neutralization  methods  involving  surface  neutralization 
of  the  numerous  small  acid  seeps  in  small  ponds  or  by  gravity 
injection  and  neutralization  of  acid  water  within  the  underly- 
ing limestone  of  the  Madison  group  rocks. 

1.4  Project  Objectives 

Project  objectives  for  the  first  year  of  study  (FY  81)  were  as 
follows : 

1)  Initiation  of  a  comprehensive  inventory  of  all  springs  and 
water  wells  in  the  study  area,  including  a  re-inventory  of 
springs  recorded  by  McArthur  (1970); 

2)  Establishment  of  1-3  permanent  stream  gaging  stations  in  the 
Sand  Coulee  drainage,  including  Straight  (No-Name)  Creek; 

3)  Initial  monitoring  of  springs  in  the  area  for  flow,  pH  and 
specific  conductance; 

4)  Water  quality  analysis,  to  characterize  ground-  and  surface- 
water  quality  and  to  support  investigation  of  their  inter- 
action. 

Project  objectives  in  the  second  year  included: 

1)  Continuation  of  acid  discharge  monitoring; 

2)  Streamflow  monitoring  via  the  gaging  stations  and  seepage  runs; 

3)  Completion  of  a  comprehensive  domestic  well  inventory,  aquifer 
identification,  static  water  levels  and  field  water  quality 
characteristics; 


4)  Collection  and  analyses  of  ground-water  quality  data; 

5)  Preparation  of  a  proposal  for  Implementation  of  AMD  mitigation 
techniques  using  hydrologlc  systems  controls. 

1.5  Study  Site  Reference  System 

All  springs  and  streamflow  stations  were  numbered  using  an 
arbitrary  sequential  reference  system,  organized  by  drainage  basin. 
Acid  discharge  reference  codes  used  In  this  and  previous  Investigations 
are  shown  In  Table  1. 

Straight  Creek,  as  It  is  called  by  local  residents.  Is  not  named 
as  such  on  the  U.S.  Geological  Survey  (USGS)  quadrangle  map,  but  refers 
to  the  drainage  through  the  town  of  Sand  Coulee  that  is  tributary  to 
Sand  Coulee  Creek.   This  drainage  is  referred  to  by  McArthur  (1970)  as 
"No-Name  Creek". 

Hereafter,  the  term  "study  area"  is  used  to  refer  to  the  drainage 
area  of  Sand  Coulee  Creek  from  its  headwaters  to  a  point  about  two 
miles  north  of  Tracy,  Montana,  where  the  creek  enters  the  abandoned 
Missouri  River  channel.   The  principal  towns  of  the  study  area  are  from 
north  to  south,  Tracy,  Sand  Coulee,  Centervllle  and  Stockett,  shown  in 
Figure  1. 

2.  RESULTS 
2.1  Springs 
2.1.1  Spring  Inventory  and  Monitoring 

During  the  first  year  of  the  project,  17  springs  were  found  to  be 
discharging  acid  water  from  mine  portals  or  spoil  piles  either  perenni- 
ally or  intermittently  (Figure  2).   Nine  springs  flowed  perennially, 

5 


while  eight  flowed  only  during  or  after  spring  precipitation  and  snow- 
melt  periods.   These  springs  in  general  corresponded  to  those  observed 
by  McArthur  (1970)  to  be  active  in  1969.   Five  springs  which  flowed  in 
1969  (McArthur's  36-3,  36-6,  7-8,  7-9  and  18-5)  were  not  observed  to 
flow  in  1980-81.   Another  seep  in  a  spoil  pile  (13-2)  found  by  McArthur 
has  apparently  become  plugged  in  recent  years.   A  large  seep  area  near 
the  old  Giffen  mine  was  not  included  in  MacArthur's  inventory,  possibly 
because  the  pH  is  not  below  4  at  all  times  of  the  year. 

Table  2  describes  the  active  springs;  ranges  of  flow,  conductance 
and  pH. 

These  springs  were  monitored  on  a  periodic  basis,  to  evaluate 
annual  variability  in  flow  and  water  quality.   The  results  are  included 
in  Appendix  A.   During  the  period  from  6-1-80  through  December  1981, 
results  for  the  monitoring  may  not  be  representative  of  the  average 
year.   The  winters  of  both  1979-80  and  1980-81  were  very  dry  in  the 
study  area,  despite  ensuing  wet  spring  seasons.   However,  the  patterns 
of  variability  and  response  of  the  acid  springs  to  precipitation  events 
are  probably  typical.   The  net  discharges  of  acid  mine  water  for  this 
two-year  period  may  be  slightly  below  the  long-term  average. 

Based  on  the  monitoring  to  date,  the  acid  springs  can,  with  sever- 
al exceptions,  be  separated  into  two  arbitrary  groups.   The  first  group 
consists  of  springs  with  high  flow  variability  (those  which  have  a 
ratio  of  high  flow  to  low  flow  greater  than  5  and  very  rapid  response 
to  major  springtime  precipitation  or  snowmelt  events,  usually  respond- 
ing within  a  few  days).   These  springs  are  usually  associated  with  mine 
adits  located  less  than  150  vertical  feet  below  the  top  of  the  over- 
lying bench.   The  second  group  also  exhibits  springtime  increases  in 
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flow  but  Co  a  much  lesser  degree.   These  adits  are  located  a  greater 
vertical  distance  from  the  adjacent  uplands  where  the  ground-water  flow 
system  is  recharged. 

Springs  in  the  first  group  (variable  discharge)  are  in  all  cases 
located  north  of  the  town  of  Stockett,  Including  the  springs  near  the 
towns  of  Sand  Coulee  and  Centerville.   Some  of  these  springs  with 
exceptionally  high  variability  include  AS-Ol  (from  43-500  gallons  per 
minute  (gpm)),  AS-07  (from  12.5-250  gpm)  and  CS-10  (from  0-80  gpm).   In 
May  1981,  peak  flows  at  springs  were  obtained  within  two  weeks  of  the 
end  of  the  period  of  most  intense  precipitation.   The  pH  in  springs  of 
the  first  group  ranges  from  2.29-4.20,  with  most  in  the  range  2.3-2.9. 
Most  springs  (AS-03,  AS-02,  AS-04,  AS-Ol,  AS-07)  tend  to  become  only 
slightly  more  alkaline  during  high  flow  periods  in  the  spring,  probably 
due  to  dilution  by  alkaline  recharge.   Others  (AS-06,  CS-10)  become 
more  acid,  probably  due  to  flushing  of  pockets  of  stagnant  water  of 
high  acidity  from  the  mines  due  to  an  Increased  flow  caused  by  infil- 
tration on  the  upland  benches.   Recharge  water  Infiltrating  into  the 
mines  must  not  be  of  sufficiently  high  alkalinity  or  volume  to  reduce 
the  acidity  of  the  discharge. 

Figure  3  shows  spring  discharge  measured  on  5/28/81,  Immediately 
after  Intense  spring  rains.   The  flows  are,  in  all  cases,  the  highest 
observed  for  each  acid  spring  during  1980-1981  and  in  some  cases  rep- 
resented an  order  of  magnitude  increase  over  discharge  at  low  flow. 
Actively  discharging  acid  springs  are  common  along  the  west  side  of  the 
upland  bench  separating  Straight  Creek  from  Sand  Coulee  Creek  and  are 
east  of  this  bench  relatively  scarce  in  the  Centerville  area.   This 
suggests  that  the  springs  in  the  town  of  Sand  Coulee  are  locally  re- 
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charged  and  that  ground  water  flows  in  these  mines  to  the  northwest, 
possibly  conforming  to  the  dip  of  the  Morrison  and  Kootenai  beds 

beneath  this  bench.   The  total  measured  acid  discharge  from  all  springs 

3 
was  a  minimum  of  about  358  gpm  (0.8  ft  /s)  on  3-5-81  and  a  maximum  of 

about  1479  gpm  (3.3  ft"^/s)  on  5-28-81. 

Specific  conductance  (S.C.)  values  of  mine  discharge  (Figure  4), 
taken  at  the  same  date,  are  in  most  cases  not  greatly  lower  than  at 
other  times  of  the  year  and  in  several  springs  Is  actually  higher  than 
at  low  flow.   S.C.  ranges  from  476-10,306  microsiemens  per  centimeter 
(us/cm),  with  the  springs  discharging  water  of  less  than  1000  us/cm 
being  either  alkaline  or  dominated  by  alkaline  recharge.   Most  spring 
discharges  are  in  the  range  from  2000-7000  us/cm.   Dissolved  ferrous 
iron  concentrations  and  concentrations  of  suspended  ferric  hydroxide 
have  a  large  influence  on  the  S.C.  of  these  waters,  and  for  this  reason 
S.C.  is  probably  less  indicative  of  other  water  quality  characteristics 
than  it  is  for  most  natural  waters.   Spatial  patterns  are  not  apparent 
in  this  S.C.  data,  but  generally  springs  which  emit  from  backfilled 
minespoil  materials  are  of  poorer  water  quality  and  higher  conductance 
than  those  discharging  from  open  adits. 

Specific  conductance  variations  indicate  that,  despite  the  large 
Increases  in  flow  in  the  spring,  very  little  dilution  by  recharge  water 
is  taking  place.   Most  conductance  values  decreased  by  less  than  25%  in 
May  1981,  in  response  to  over  6  inches  (in.)  of  local  precipitation. 
Several  springs  (AS-06,  AS-07)  actually  increased  in  conductance,  sug- 
gesting again  that  isolated  pockets  of  poor  quality  water  in  the  mines 
are  being  flushed  in  the  spring  and  lie  stagnant  during  much  of  the 
rest  of  the  year. 
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The  very  rapid  hydrologic  response  of  most  acid  springs  suggests 
substantial  Interconnection  between  the  surface  and  the  mine  workings, 
probably  along  vertical  joints  and  fractures  sometimes  visible  along 
valley  walls.   The  morphology  of  stream  and  coulee  orientations  In  the 
region  suggests  structural  control  which  may  be  another  expression  of 
this  joint  system. 

Several  open  adits  were  found  in  the  bottom  of  Mining  Coulee, 
south  of  Sand  Coulee,  where  high  water  marks  indicated  that  large 
volumes  of  surface  runoff  pour  directly  into  the  old  mine  workings. 
The  rapid  response  of  AS-01,  in  particular,  may  be  related  to  this 
apparent  surface  water  Infusion. 

From  well  records,  saturated  sandstone  strata  occur  throughout  the 
Kootenai  Formation  although  only  the  basal  sandstone  unit  shows  exten- 
sive continuity  and  saturation.   Recharge  along  fractures  may  Increase 
the  pressure  head  within  these  beds  and  augment  the  rate  of  leakage 
from  these  perched  aquifers  through  fractures  into  the  underlying  basal 
Kootenai.   The  conglomeratic  sandstone  unit  at  the  base  of  the  Kootenai 
probably  forms  the  roof  of  many  of  the  mine  adits  and  is  the  primary 
source  of  ground-water  leakage  into  the  old  workings. 

Increase  of  seepage  rates  from  the  basal  Kootenai  Into  the  mines 
increases  ponding  of  water  within  the  mines  and  flushes  pools  of  acid 
mineralized  water  towards  the  portals.   Due  to  the  slope  of  the  adits, 
they  drain  freely  and  oxygen  has  ready  access,  allowing  pyrite  oxida- 
tion to  occur  at  a  high  rate. 

The  recharge-discharge  relationship  for  most  acid  springs  is 
believed  to  be  quite  local.   For  example  if  the  mean  annual  flow  rate 
from  ASOl,  AS02,  AS03  and  AS07  is  estimated  to  equal  300  gpm  (0.668 
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3 
cubic  feet  per  second  (ft  /s)),  assuming  the  approximately  3  square 

2 
miles  (mi  )  bench  area  south  of  Sand  Coulee  to  be  the  recharge  area, 

the  annual  recharge  rate  would  equal  3  in.   This  represents  about  19% 

of  the  mean  annual  precipitation,  a  reasonable  estimate  for  this  area. 

Only  a  few  springs  fall  into  the  second,  low-variability  category. 
They  include  CS-09,  along  Cottonwood  Coulee  two  miles  south  of  Stock- 
ett,  and  BS-01,  the  Giffen  Mine  East  outflow.   Both  occur  at  elevations 
nearly  200  feet  below  the  surrounding  upland  benches  where  ground  water 
is  recharged.   This  additional  separation  from  recharge  apparently 
dampens  the  spring  response  to  rainfall  and  snowmelt  infiltration.   The 
Giffen  Spring  increased  in  flow  by  a  factor  of  about  1.5  in  May  1981; 
its  water  quality  decreased  considerably,  with  pH  decreasing  more  than 
a  whole  unit  and  conductance  increasing  from  6000  to  8600.   During  fall 
and  winter,  at  low  flow,  both  pH  and  water  quality  improve  somewhat. 

The  Giffen  Spring  (BS-01)  produces  relatively  consistent  baseflow, 
averaging  250  gpm  (3040  acre-feet/year)  during  the  1981  water  year. 
Local  precipitation  was  probably  slightly  higher  than  the  local  average 
of  15  in. /year,  although  no  accurate  precipitation  data  are  available 
from  this  specific  locality.   Assuming  16  in.  total  for  the  year  and 
assuming,  quite  liberally,  that  50%  (8  in.)  of  this  precipitation  con- 
tributed to  ground  water  as  infiltration  rather  than  contributing  to 

crop  use,  runoff,  or  evapotranspiration,  then  discharge  from  these  mine 

2 
workings  was  recharged  from  an  area  at  least  as  big  as  7.12  ml.  ,  an 

2 
area  greater  than  the  3-4  mi.   available  for  recharge  along  the  upland 

bench  immediately  to  the  east  of  the  mine.   It  is  probable  that  ground- 
water flow  in  the  Kootenai  moving  down  gradient  from  its  recharge  area 
towards  the  Belt  Mountain  foothills  is  being  intercepted  by  the  old 
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■Ine  workings  and  discharging  from  Che  north-westerly  sloping  Clffln 
adit. 

2.1.2  Spring  Water  Quality 

Water  quality  data  collected  from  springs  In  1980  and  1981  are 
listed  in  Appendix  A  (A-2).   Field  pH  for  spring  waters  ranges  from 
2.38-3.98  for  all  sites  except  BS-01,  the  Glffen  mine,  where  it  ranges 
from  3.8-5.4.   While  none  of  these  springs  are  alkaline,  acidity  shows 
a  broad  range,  from  108  (BS-01)  to  6002  (AS-03)  milligrams  per  liter 
(mg/L)  as  CaCO-.   The  waters  are  ferrous-alumlnum-sulfate  dominant, 
with  minor  calcium  and  magnesium.   Iron  (Fe)  (12-1065  mg/L)  and 
aluminum  (Ai)  (1.72-752  mg/L)  are  the  most  abundant  metals,  although 
there  are  also  high  concentrations  of  trace  metals  including  nickel 
(Nl)  (0.24-5.31  mg/L)  and  zinc  (Zn)  (0.60-21.5  mg/L).   Lesser  (<1  mg/L) 
but  detectable  concentrations  of  cadmium  (Cd)  ,  chromium  (Cr)  ,  copper 
(Cu),  and  in  some  cases  molybdenum  (Mo)  also  occur.   Both  arsenic  (As) 
(<80  parts  per  billion  (ppb))  and  selenium  (Se)  (<21  ppb)  are  at  low 
concentrations. 

Ferrous  iron  Is  dominant  over  ferric  at  the  mine  mouths,  although 
some  minor  amounts  of  iron  in  excess  or  dissolved  iron  were  recovered- 
-probably  ferric  hydroxides  in  suspension  in  the  water.   feSO,  , 
Also,  ,  and  A1(S0,)-   are  all  strong  complexes  in  this  solution.   Sul- 
fate activities  are  probably  at  a  plateau  in  some  of  these  waters,  due 
to  the  fact  that  the  majority  of  any  sulfate  added  to  the  water  is 
probably  complexed  by  either  Iron,  aluminum,  or  alkaline  earths  and 
many  waters  are  saturated  with  respect  to  gypsum.   As  the  iron  oxidizes 
and  drops  out  of  solution  downstream,  the  sulfate  activities  might  be 
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expected  to  increase  and  possibly  cause  other  sulfate  species  to  attain 
saturation. 

These  waters  are  undersaturated  with  respect  to  all  but  a  few 
mineral  phases.   One  is  gypsum;  another  is  chalcedony,  which  becomes 
supersaturated  in  neutralized  waters  due  to  dissolution  of  silicates 
under  acid  conditions. 

2.2  Ground  Water 

Ground  water  occurs  in  most  all  of  the  permeable  rock  units  in  the 
Stockett-Sand  Coulee  area.   A  description  of  the  geologic  formations  in 
the  area  is  given  in  Appendix  B.   From  oldest  to  youngest  age,  aquifers 
are  known  to  yield  water  to  wells  from  the  Mission  Canyon  formation  of 
the  Madison  Group  (Mississippian) ,  the  Swift  Sandstone  (Jurassic), 
sandstone  beds  in  the  lower  Kootenai  formation  (Lower  Cretaceous), 
glacio-f luvial  and  glaclo-lacustrine  deposits  (Quaternary)  and  stream 
alluvium  (Quaternary).  Figure  5  is  a  schematic  hydrogeologic  section. 
Vertically  stacked  aquifers  separated  by  shale  aquitards  frequently 
occur,  and  surface  water-ground  water  interaction  is  a  common  phenom- 
enon.  Ground  water  movement  is  primarily  horizontal  within  specific 
aquifers,  in  response  to  the  hydraulic  gradient.   Vertical  movement  of 
ground  water  can  occur  when  two  aquifers  are  in  direct  contact  with 
each  other,  when  natural  rock  fractures  or  man-made  features  such  as 
well  bores  allow  vertical  movement,  or  by  slow  leakage  through  aquit- 
ards. 

An  inventory  of  domestic  water  wells  in  the  study  area  was  com- 
pleted In  summer  1982.  Field  data  are  presented  in  Appendix  C  (C-1) 
and  included  owner,  location,  static  water  level,  field  specific  con- 
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duccance  and  pH  and  water  use  information.  Measured  static  water 
levels,  and  S.C.'s  are  shown  in  Table  4  and  are  referenced  to  a  loca- 
tion map  in  Figure  6.    Field  data  were  correlated  with  the  Montana 
Ground  Water  Appropriation  forms  which  gave  useful  information  on  well 
completion,  yield  and  the  lithology  encountered  in  drilling.   A  total 
of  46  domestic  wells  were  inventoried  on  at  least  one  occasion.   The 
Madison  limestone  aquifer  supplied  24  wells,  Jurassic  sandstones  11, 
Kootenai  sandstones  10,  and  alluvium  only  2.   Five  wells  were  completed 
in  multiple  aquifers  and  the  water  bearing  source  of  two  wells  could 
not  be  estimated  at  all. 

2.2.1  Madison  Aquifer 

The  Mission  Canyon  Formation  of  Mississippian  Age  is  the  principal 
aquifer  in  the  Madison  Group  Rocks.   It  is  composed  of  massive  light- 
gray  limestone  and  thin  dolomite  interbeds  which  have  been  extensively 
karstified.   Ground  water  flows  through  fractures  and  solution  cavities 
that  may  occur  from  near  ground  surface  to  depths  of  at  least  700  feet. 
The  aquifer  appears  unconfined  to  moderately  confined  in  the  study  area 
based  on  water  level  data,  and  some  Madison  wells  in  the  Centerville 
and  Tracy  area  expel  and  suck  air  with  considerable  force.   Horizontal 
ground-water  flow  is  generally  from  south  to  north  (Feltis,  1980,  2). 
Vertical  ground-water  flow  in  the  study  area  Is  downward  with  some 
deeper  Madison  wells  having  lower  static  water  levels  than  shallower 
ones. 

The  primary  recharge  area  for  the  Madison  aquifer  is  on  the  flanks 
of  the  Little  Belt  Mountains  where  many  square  miles  of  Madison  Group 
rocks  are  exposed  to  relatively  high  precipitation  (20  in.  or  more 
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annually).   Additionally,  streams  are  reported  to  lose  water  as  they 
traverse  portions  of  the  Madison  outcrop.   More  limited  recharge  occurs 
in  the  study  area  where  local  doming  of  the  Madison  results  in  expo- 
sures of  fractured  limestone  in  the  Centerville-Stockett  area.   Stream- 
flow  from  Number  Five  Coulee  and  Cottonwood  Coulee  directly  infiltrates 
Madison  rocks.   The  Madison  also  probably  receives  recharge  as  leakage 
from  overlying  saturated  alluvium.   Results  of  water  quality  analyses 
indicates  that  some  of  this  recharge  is  acid  mine  drainage  water. 

The  best  known  discharge  point  for  the  Madison  aquifer  is  Giant 

3 
Springs  just  east  of  the  city  of  Great  Falls.   Approximately  300  ft  /s 

of  ground  water  issues  from  large  springs  near  and  in  the  Missouri 
River  (Patton,  1983).   Between  Tracy  and  Great  Falls,  the  Madison 
aquifer  may  develop  upward  vertical  leakage  and  discharge  to  overlying 
aquifers  and  to  the  pre-glacial  Missouri  River  Channel  south  of  Great 
Falls.   Water  quality  and  head  data  from  the  Madison,  Swift  and 
Kootenai  aquifers  is  often  similar,  suggesting  a  high  degree  of  inter- 
aquifer  connectivity  just  north  of  the  study  area. 

2.2.2  Swift  Aquifer 

The  Madison  Group  is  unconformably  overlain  by  Jurassic  marine 
sediments  of  the  Ellis  Group.   Sandstone  of  the  Swift  Formation 
directly  overlays  the  Mission  Canyon  Formation  in  much  of  the  study 
area.   The  Swift  is  a  fine-  to  medium-grained,  well-cemented  quartz 
sandstone  from  0-40  feet  thick.   It  appears  cross-bedded  or  massive  in 
outcrop,  weathering  to  a  pale  orange  to  brown  color.   Beds  of  chert- 
pebble  and  brachiopod  shell  hash  conglomerate  may  occur  in  the  lower 
part.   The  Swift  occurs  over  most  of  the  study  area  and  is  well  exposed 
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In  the  coulee  bottoms  of  Cottonwood  Creek  north  of  Stockett  and  Number 
Five  Coulee  southwest  of  Stockett. 

The  Swift  sandstone  Is  known  to  yield  water  to  three  wells  In  the 
Tracy  vicinity  south  of  Stockett,  and  It  is  the  probable  source  of  two 
springs  issuing  near  the  bottom  of  Cottonwood  Creek  below  the  Morrison 
coal  seam.   Relatively  little  is  known  concerning  the  extent,  thickness 
and  water-yielding  characteristics  of  the  Swift  sandstone  between 
Stockett  and  Tracy.   In  the  Sand  Coulee  Creek  Valley  north  of  Center- 
ville,  water  wells  drilled  to  the  Madison  sometimes  do  not  encounter 
the  Swift  sandstone,  indicating  it  is  probably  removed  by  erosion.   One 
Swift  well  just  northwest  of  Tracy  was  sampled  and  has  a  TDS  of  1,994 
mg/1,  indicating  potential  contamination  from  AMD  in  nearby  Sand  Coulee 
Creek.   Data  are  too  sparse  to  construct  a  potentiometrlc  map  of  the 
Swift,  although  flow  is  believed  to  occur  from  south  to  north. 

The  recharge-discharge  regime  of  the  Swift  aquifer  is  not  well 
known.   Like  the  Madison,  it  is  probably  recharged  where  exposed  along 
the  flanks  of  the  Little  Belt  Mountains  and  to  a  lesser  extent  in  the 
study  area,  where  local  doming  and  erosion  in  coulees  bring  the  ground 
surface  close  to  the  elevation  of  the  Swift  Sandstone.   Since  there  is 
no  observable  confining  bed  between  the  Swift  and  Madison  aquifers, 
they  may  act  as  a  unit  north  of  Tracy  where  the  Madison  becomes  fully 
saturated.   Similar  heads  and  water  quality  between  Tracy  and  Great 
Falls  further  suggest  the  Inter-connectlvlty  of  the  Madison  and  Swift 
aquifers. 

The  Swift  Formation  is  overlain  by  the  Morrison  Formation  which 
consists  of  100-200  feet  of  gray  shale  with  Interbedded  sandstone, 
limestone  and  coal.   The  Morrison  coal  bed  or  beds  occur  near  the  top 
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of  the  Jurassic  section  and  were  the  target  of  niinlng  in  the  area. 

2.2.3  Kootenai  Aquifer 

The  Lower  Cretaceous  freshwater  Kootenai  Formation  is  present  at 
land  surface  over  most  of  the  study  area  and  unconformably  overlays  the 
Morrison  Formation.   The  basal  unit  of  the  Kootenai  is  a  resistant, 
cross-bedded,  coarse,  salt  and  pepper  sandstone  bed,  from  2-80  feet 
thick  (Walker,  1974).   Above  this  basal  sandstone,  the  Kootenai  con- 
sists of  numerous,  lensaic,  poorly  continuous  sandstone  beds,  1-50  feet 
thick,  interbedded  with  green,  gray  and  maroon  mudstone.   The  Kootenai 
is  typically  100-300  feet  thick  in  the  study  area  with  100-300  feet  of 
the  upper  Kootenai  member  having  been  removed  by  erosion.   The  basal 
conglomeratic  sandstone  unit  directly  overlays  the  Morrison  coal  bed 
and  is  a  relatively  continuous  aquifer  supplying  wells  throughout  the 
study  area.   More  discontinuous  sandstone  beds  occur  stratigraphically 
higher  on  the  Kootenai  and  occasionally  yield  water  to  wells  and 
springs. 

Horizontal  ground-water  flow  in  the  basal  Kootenai  aquifer  is  gen- 
erally from  the  topographically  high  benchlands  to  nearby  coulees  bi- 
secting the  Kootenai  formation.   There  is  a  regional  bedrock  dip  of 
approximately  3-6  degrees  to  the  north-northwest  and  ground  water 
migrates  down  dip,  commonly  resulting  in  springs  and  seeps  on  the 
northwest  terminus  of  benches.   Southern  and  eastern  Kootenai  outcrops 
are  usually  drier.   In  unmined  areas,  natural  springs  are  common  at  the 
contact  of  the  basal  Kootenai  with  the  less  permeable  Morrison 
Formation. 

The  many  thin  sandstone  and  shale  beds  in  the  Kootenai  are  quite 
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brittle  and  flexure  of  the  South  Arch  In  Tertiary  time  resulted  In 
extensive  fracturing  of  the  Kootenai  rocks.   These  fracturcR  and 
related  Joint  systems  readily  allow  vertical  ground-water  movement  and 
recharge  from  surface  sources.   The  limited  data  available  from 
domestic  wells  Indicates  that  the  basal  Kootenai  aquifer  Is  sometimes 
confined  in  the  middle  of  benches,  and  is  frequently  unconflned  In 
wells  near  the  edge  of  benches  where  the  Kootenai  section  is  bisected. 

In  relation  to  acid  mine  drainage,  the  removal  of  the  coal  bed 
underlying  the  basal  Kootenai  sandstone  aquifer  has  resulted  in  leakage 
of  ground  water  into  the  old  mine  workings.   The  old  tunnels  and  rooms 
are  efficient  ground-water  drains,  which  locally  dewater  the  basal 
Kootenai  sandstone  and  allow  water  to  be  conveyed  down-gradient  to  old 
mine  portals  situated  at  the  outcrop  areas  in  the  principal  coulees. 
The  normally  alkaline  Kootenai  ground  water  is  exposed  to  atmospheric 
oxygen  and  pyrite  in  the  old  mines  where  the  chemical  oxidation  process 
occurs,  producing  AMD. 

2.2.4  Quaternary  Aquifers 

Ground  water  occurs  in  stream  alluvium  deposits  of  Sand  Coulee 
Creek  and  tributaries  in  the  study  area.   These  deposits  are  relatively 
thin  south  of  Sand  Coulee  and  Centerville,  typically  10  to  30  feet 
thick.   North  of  these  towns,  the  valleys  of  Sand  Coulee  Creek  have 
been  filled  with  a  combination  of  alluvial,  glacial,  and  lacustrine 
deposits  to  thicknesses  of  up  to  150  feet  as  recorded  by  water  well 
drillers.   The  alluvial  deposits  are  typically  sand  and  fine-medium 
size  gravel,  gravelly  clay,  sandy  loam,  and  sandy  clay,  brown  to 
yellow-brown  in  color. 
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Evidence  of  glacial  and  lacustrine  deposits  comes  from  the  wide- 
spread influence  of  Pleistocene  continental  glaciation  throughout  the 
Great  Falls  area  as  described  by  Alden  (1932)  and  Walker  (1974). 
Several  water  well  logs  in  the  Tracy  vicinity  record  alternating 
deposits  of  yellow,  sandy  clay  and  gray  silt,  consistent  with  a 
postulated  sequence  of  glacial  deposits  and  lacustrine  deposits  from 
ice-marginal  glacial  lakes. 

Water  wells  in  the  abandoned  pre-glacial  Missouri  River  Valley 
north  of  the  study  area  are  reported  to  obtain  good  yields  of  ground 
water  from  scattered  sand  and  gravel  lenses  (Walker,  1974).   But  the 
lateral  occurrence  and  depth  of  these  deposits  are  unpredictable. 
Wilke  (1983)  inventoried  at  least  5  water  wells  completed  in  Quaternary 
deposits  found  in  the  pre-glacial  channel. 

Although  most  of  the  alluvial  deposits  in  the  study  area  are 
saturated,  little  use  is  currently  made  of  alluvial  ground  water  due  to 
AMD  contamination.   Only  south  of  Stockett,  above  the  highest  elevation 
AMD  source,  is  significant  use  made  of  alluvial  ground  water.   The  town 
of  Stockett  obtains  a  portion  of  its  water  supply  from  an  alluvial  in- 
filtration gallery  about  2  miles  south  of  town.   However,  local  resi- 
dents report  high  iron  problems  occur  in  the  spring  when  ephemeral  AMD 
sources  discharge  upgradient  from  the  collector. 

The  alluvial  deposits  of  Sand  Coulee  Creek  and  tributaries  are  the 
intermediate  receptor  of  most  visible  AMD  in  the  study  area.   Stream 
channels  cut  into  the  alluvium  carry  most  of  the  AMD  discharge. 
However,  in  the  Sand  Coulee  and  Centerville  vicinity,  as  the  alluvial 
deposits  deepen,  streamflow  is  partially  or  entirely  lost  to  the  allu- 
vium.  AMD  is  therefore  a  continued  source  of  recharge  to  the  alluvium. 
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North  of  Tracy,  the  alluvium  Is  apparently  in  direct  contact  with  the 
Madison  limestone.   Reports  from  drillers  indicate  that  the  vertical 
gradient  is  downward,  thereby  allowing  AMD  contaminated  alluvial  ground 
water  to  recharge  the  Madison  aquifer.   Local  residents  also  report 
that  the  acid  alluvial  ground  water  has  caused  failures  of  cement  grout 
and  steel  casing  in  the  alluvium  and  that  downward  leaking  alluvial 
ground  water  has  contaminated  formerly  good  quality  Madison  aquifer 
ground  water. 

2.2.3  Ground  Water  Quality 

The  chemical  quality  of  ground  water  In  the  Stockett-Sand  Coulee 
area  is  quite  variable  due  to  the  different  types  of  rocks  comprising 
the  multiple  aquifers,  the  effects  of  AMD,  the  hydraulic  connections 
between  aquifers  and  surface  water-ground  water  interactions. 

In  general,  it  is  possible  to  discuss  each  aquifer  as  having  its 
own  "characteristic"  water  quality  and  intra-aquifer  trends.   Varia- 
tions from  the  typical  condition  are  most  often  due  to  inter-aquifer 
mixing  or  to  chemical  reactions  imparted  by  acid  oilne  drainage  water. 
Water  quality  data  from  laboratory  analyses  of  sampled  wells  are 
presented  in  Appendix  C  (C-2). 

2.2.5.1  Madison  Aquifer 

Water  wells  tapping  the  Madison  aquifer  southeast  of  the  Missouri 
River  near  Great  Falls  usually  have  total  dissolved  solids  (TDS, 
calculated)  concentrations  usually  in  the  range  of  400-600  mg/1.   Giant 
Springs,  several  miles  northeast  of  Great  Falls,  is  thought  to  be  a 
regional  discharge  point  for  the  Madison  aquifer.   The  spring  has  been 
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sampled  11  times  between  1890  and  1983  and  has  had  a  TDS  of  369  to  498 

2+    2+ 
mg/1  and  approximately  equal  milliequivalence  of  Ca   ,  Mg   ,  HCO_,  and 

2- 
SO^   (Patton,  1983).   Feltis  (1980,  1)  mapped  TDS  concentrations  of 

Madison  wells  throughout  northern  Montana  which  showed  a  concentration 

gradient  of  less  than  1000  mg/1  near  mountain  uplifts  to  over  10,000 

mg/1  in  the  Williston  basin.   The  density  of  wells  sampled,  however, 

except  in  the  Great  Falls  and  oil  field  areas,  is  quite  low. 

The  chemical  quality  of  Madison  wells  sampled  in  the  Sand  Coulee 
area  is  quite  variable  and  does  not  fit  expected  patterns.   Figure  7  is 
a  histogram  indicating  that  seven  of  twelve  Madison  samples  were  less 
than  600  mg/1,  and  five  ranged  from  600  to  2,413  mg/1.   The  five  high 
TDS  samples  had  milliequivalent  ratios  of  sulfate  to  bicarbonate  of 
from  1.7  to  7.7.   Figure  8  is  a  Piper  plot  which  graphically  illus- 
trates the  progression  of  increased  sulfate  concentrations  among  the 
samples.   An  analysis  of  Giants  Springs  is  included  for  comparison. 

Since  the  high  TDS  wells  are  scattered  throughout  the  study  area, 
there  is  little  evidence  to  support  a  water  quality  trend  of  this 
magnitude  based  on  length  of  ground-water  flow  path.   Anhydrite  beds 
known  to  occur  in  the  Charles  Formation  which,  in  places,  overlies  the 
Mission  Canyon  Formation,  could  be  a  source  of  sulfate  and  TDS  in- 
creases.  However,  the  Charles  Formation  is  not  known  to  occur  in  this 
area  and  lithologic  logs  of  water-well  drillers  have  not  indicated  any 
evaporitic  zones  in  the  study  area. 

Although  natural  sources  cannot  entirely  be  ruled  out,  at  this 
time  a  plausible  explanation  for  the  anamalously  high  TDS  and  sulfate 
concentrations  is  the  infiltration  and  mixing  of  AMD  water  with  native 
Madison  aquifer  ground  water.   Higher  TDS  and  sulfate  concentrations 
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are  a  byproduct  of  the  acid  producing  metal  oxidation  reactions  that 
take  place  in  the  old  mines  and  during  surface  water  or  ground-water 
transport  of  AMD.   It  is  believed  that  the  contaminated  Madison  wells 
are  generally  down-gradient  from  an  AMD  source,  particularly  if  the 
well  is  in  a  tributary  coulee  bottom.   The  downward  gradient  and 
possible  fractures  associated  with  the  coulee  may  provide  the 
conditions  favorable  for  contamination.   Figure  C-3  (Appendix  C)  shows 
the  proximity  of  AMD  sources  to  the  Madison  aquifer  wells  in  the  study 
area.   Chemical  models  of  the  AMD  and  Madison  ground-water  interaction 
are  presented  in  section  3.3. 

2.2.5.2  Jurassic  Aquifers 

The  Swift  Formation  is  the  most  prevalent  Jurassic  aquifer  in  the 
study  area,  however,  other  water-bearing  sandstones  occur  regionally  in 
the  Morrison  Formation  which  overlies  the  Swift  sandstone.   Four 
Jurassic  aquifer  samples  were  collected  in  this  investigation  but  lack 
of  well  log  information  prevented  differentiating  the  specific 
water-bearing  zones. 

Three  of  the  Jurassic  aquifer  samples  are  calclum-magnesium- 
blcarbonate  types  with  TDS  of  277  to  433  mg/1,  and  one,  the  Lyman  well, 
is  a  calcium-magnesium-sulfate  type,  with  a  TDS  of  1737  mg/1.   The 
analyses  are  plotted  on  a  Piper  diagram  in  Figure  9. 

Wilke  (1983)  reported  analyses  from  three  Morrison  wells  and  two 
Swift  wells  in  the  Great  Falls  vicinity.   Morrison  wells  had  TDS  (sum 
of  constituents)  range  of  908-1480  mg/1  and  had  mixed  water  types.   The 
Swift  wells  had  TDS  values  of  846  and  1020  mg/1  and  were 
calcium-sulfate  and  sodium-sulfate  water  types  respectively. 
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The  proximity  and  hydraulic  connectivity  of  Swift  and  Morrison 
aquifers  to  each  other  and  to  adjacent  aquifers  may  give  reason  to 
expect  water  quality  variability.   The  Lyman  well  appears  anamolously 
high  in  TDS  and  sulfate  and  may  be  affected  by  AMD  water.   No  log 
exists  for  the  well  but  it  is  drilled  on  the  very  edge  of  the  Sand 
Coulee  Creek  Valley  which  is  known  to  be  a  source  of  AMD  leakage  to 
lower  bedrock  aquifers. 

2.2.5.3  Kootenai  Aquifer 

The  Kootenai  aquifer  is  the  surficial  bedrock  aquifer  over  most  of 
the  study  area  and  receives  recharge  directly  from  precipitation  and 
surface  sources.   Four  water  samples  from  the  Kootenai  aquifer  were 
collected  in  this  investigation. 

Three  samples  were  collected  from  the  basal  Kootenai  sandstone 
aquifer,  two  from  wells  and  one  from  a  spring.   The  two  well  samples 
had  TDS  values  of  369  and  433  mg/1  and  were  a  magnesium-bicarbonate 
type.   The  spring  was  located  about  400  meters  north  of  the  Giffen  mine 
works  and  had  a  TDS  of  295  mg/1,  and  was  a  calcium-magnesium-bicarbo- 
nate type. 

One  sample  came  from  a  well  also  near  the  Giffen  mine  but  located 
on  the  bench.   The  water-bearing  zone  was  a  limey  sandstone  about  65 
feet  below  ground  surface  and  about  50  feet  above  the  basal  Kootenai 
sandstone.   The  TDS  was  369  mg/1  and  it  was  a  calcium-magnesium-bicar- 
bonate type.   The  analyses  are  plotted  along  with  the  Jurassic  well 
samples  on  a  Piper  diagram  in  Figure  9. 

These  results  are  similar  to  those  of  Wilke  (1983)  who  sampled 
five  Kootenai  wells  in  the  Great  Falls  vicinity  and  reported  a  TDS 
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range  of  358  to  1,550  mg/1,  with  magnesium  and  bicarbonate  being  the 
principal  constituents  in  three  of  the  samples. 

Total  field  alkalinity  in  the  Kootenai  samples  ranged  from  269  to 
433  Bg/1  as  CaCO  and  field  pH  ranged  from  6.63  to  7.48.   Kootenai 
aquifer  ground  water  is  thought  to  be  the  principal  source  of  leakage 
into  old  mine  workings  and  hence  is  the  water  that  becomes  acidized. 
These  analyses  indicate  that  native  Kootenai  ground  water  is  alkaline 
and  of  relatively  good  quality.   The  undisturbed  Morrison  coal  bed  is 
thought  to  be  an  aquitard  and  hence  does  not  transmit  appreciable 
quantities  of  ground  water. 

2.2.5.4  Quaternary  Aquifers 

The  alluvial  valleys  of  Sand  Coulee  Creek  and  tributaries  contain 
ground  water,  although  in  most  of  the  study  area,  it  is  not  used  domes- 
tically because  of  AMD  contamination.   Residents  long  ago  abandoned 
alluvial  wells  and  consequently  there  are  very  few  existing  alluvial 
wells.   No  alluvial  wells  could  be  found  north  of  Stockett,  and  so  no 
data  could  be  collected  on  alluvial  water  quality. 

The  to%m  of  Stockett 's  alluvial  collector  well  2.5  miles  south  of 
Stockett  was  field  checked  in  spring,  1981  and  found  to  have  a  pH  of 
5.3.   The  alluvium  there  is  up-gradient  from  most  perennial  AMD  dis- 
charges, however,  ephemeral  AMD  sources  apparently  discharge  during  wet 
weather,  causing  some  seasonal  contamination.   Stockett  residents  com- 
plained of  iron  staining  and  bad  taste  during  these  occasions  and  in 
1981  drilled  a  deep  well  to  the  Madison  aquifer  for  a  public  supply. 
This  has  been  the  trend  throughout  the  study  area.   Shallow  alluvial 
wells  have  been  replaced  by  deeper  bedrock  wells  to  escape  AMD  contam- 
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inatlon  problems.   However,  as  previously  indicated,  both  Jurassic  and 
Madison  aquifers  show  evidence  of  contamination  in  selected  wells. 

Further  suggestion  of  alluvial  ground-water  contamination  came 
from  rancher  0.  G.  Johnson  who  lives  about  2  miles  north  of  Tracy.   He 
reports  that  a  number  of  shallow  wells  drilled  across  his  property  in 
Section  31  (T.  20  N. ,  R.  5  E.)  and  Section  6  (T.  19  N. ,  R.  5  E.)  en- 
countered only  AMD  affected  water.   As  a  result,  they  drilled  deeper 
wells  to  the  Madison  aquifer  but  in  at  least  one  case,  acid  water  dis- 
integrated the  cement  grout  and  steel  casing  causing  the  well  to  be 
contaminated  and  abandoned. 

Contamination  of  alluvial  ground  water  may  extend  along  the 
entire  reach  of  the  pre-glaclal  Missouri  River,  now  occupied  by  Sand 
Coulee  Creek.   The  extent  of  contamination  will  be  mapped  in  a  subse- 
quent investigation  by  the  MBMG  and  Montana  Department  of  State  Lands. 

2.3  SURFACE  WATER 
2.3.1  Gaging  Stations 

Three  gaging  stations  were  installed  within  the  Sand  Coulee  drain- 
age in  Fall,  1980.   The  three  locations  (Appendix  D)  are  Sand  Coulee 
Creek  at  Centerville,  below  the  confluence  with  Cottonwood  Creek 
(CF-03);  Sand  Coulee  Creek  at  Tracy,  above  the  confluence  with  Straight 
Creek  (CF-02);  and  Straight  Creek  north  of  the  town  of  Sand  Coulee 
(AF-01).   The  stations  were  installed  with  modified  90  degree  V-notch 
weir  plates,  having  a  30  degree  cutout  at  the  base  to  a  gage  height  of 
1.12  feet.   The  30  degree  modification  was  designed  to  increase  the 
resolution  of  low-flow  determinations,  up  to  a  discharge  of  about  1 
cf  8. 
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Stevens  Type  A  recorders  were  employed  In  the  stilling  wells.   The 

3 
Centerville  weir  accommodated  flows  up  to  30  ft  /s  (gage  height  4.2A 

ft),  while  the  Tracy  and  Straight  Creek  weirs  could  measure  up  to  13.4 

3 
ft  /s  (gage  height  2.83  ft).   Design  plans  and  rating  equations  used 

for  the  weirs  are  Included  In  Appendix  D  (D-1). 

Daily  discharge  data  and  stream  hydrographs  for  the  gaging  sta- 
tions are  displayed  in  Apoendix  D  (D-7).   The  short  term  data  allow 
only  tentative  generalizations  to  be  drawn,  including: 

1)  Sand  Coulee  Creek  shows  high  annual  variability  in  discharge. 
During  late  winter  and  spring,  its  flow  is  dominated  by  runoff 
from  snowmelt  and  spring  rainstorms  in  the  Sand  Coulee  area  and 
in  the  upper  reaches  of  the  watershed  In  the  Belt  Mountains. 

In  1981,  intense  spring  rainstorms  in  May  caused  flash  flooding 
along  Sand  Coulee  Creek  in  the  Tracy-Centervllle  area,  washing 
away  the  two  original  stilling  well  Installations  at  CF-02  and 
CF-03.   Peak  flows  fell  gradually,  and  by  October  the  main 
watercourse  was  essentially  dry.   It  would  not  be  unusual  for 
Sand  Coulee  Creek  to  be  dry  by  August  in  a  year  of  "normal" 
precipitation  and  earlier  In  dry  years.   Bank  and  bed  materials 
around  these  two  stations  were  washed  out  a  second  time  in  May, 
1982,  again  following  a  spell  of  very  wet  weather.   The  insta- 
bility of  the  channel  materials  and  limitations  on  station  con- 
struction forced  the  abandonment  of  the  sites.   They  could  be 
reinstalled  as  open  channel  stations.   Peak  flows  topped  the 
weirs  by  over  one  foot  (gage  heights  >5.0  feet). 

Low  flow  periods  exhibited  both  streamflow  losses  and 
gains  between  the  Centerville  and  Tracy  weirs.   Concurrent 
streamflow  records  In  November,  1981  indicated  a  possible  loss 
of  5-15  gpm  In  that  reach.   An  eleven  day  period  in  latter 
August,  1981  Indicated  very  little  change  In  flows  at  about  300 
gpm. 

2)  Straight  Creek,  despite  having  a  watershed  area  of  only  about 

4  percent  the  size  of  Sand  Coulee  Creek,  has  baseflows  similar 
in  magnitude  and  sometimes  of  longer  duration.   Sand  Coulee 
Creek  was  dry  from  November  through  March  in  water  year  1981, 
while  Straight  Creek  had  base  flows  of  0-10  gpm.   The  AMD  from 
the  many  abandoned  mines  tributary  to  Straight  Creek  is  primar- 
ily responsible.   During  low  flows  most  of  the  water  in 
Straight  Creek  infiltrates  to  the  alluvium  before  the  con- 
fluence with  Sand  Coulee  Creek. 

-  Peak  flow  in  1981  occurred  on  May  16  and  reached  21.6 
ft  /s.   Summer  flows  generally  ranged  from  5.0  to  0.2  ft  /s. 
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2.3.2  Seepage  Profiles 

A  seepage  profile  can  be  viewed  as  an  instantaneous  detailed 
sununary  of  variations  in  stream  discharge  throughout  a  watershed, 
although  in  practice  the  collection  of  this  data  takes  as  long  as 
several  days.    In  a  stream  like  Sand  Coulee  Creek  dominated  by  acid 
mine  drainage,  changes  in  water  quality  (pH,  specific  conductance, 
metal  concentrations)  also  reflect  variations  in  stream  discharge  and 
can  point  out  stream  gains  or  losses. 

Acid  mine  drainage  discharges  into  surface  water  systems  and 
undergoes  changes  in  both  quality  and  quantity  early  in  its  downstream 
flow.   Changes  in  surface-water  quantity  include  losses,  primarily 
streambed  infiltration,  and  gains,  primarly  inflow  from  tributary 
drainages  and  seepage  from  shallow  ground-water  discharge.   Changes  in 
quality  are  primarily  due  to  mixing  with  tributary  streams  and  to  pre- 
cipitation reactions  caused  by  oxidation  of  the  acid  water.   Seepage 
profile  data  were  collected  to  Investigate  these  downstream  changes  in 
discharge  and  water  quality  and  to  relate  them  to  the  interaction  of 
the  ground  water  and  surface  water.   All  stream  seepage  profile  sites 
are  shown  in  Appendix  D  (D-2). 

2.3.2.1  Number  Five  Coulee 

The  seepage  profile  on  Number  Five  Coulee,  conducted  March  14, 
1981  was  terminated  prematurely  when  a  temporary  restraining  dam  was 
breached.   However,  eleven  measurements  were  made  beforehand  between 
the  Giffen  mine  and  the  confluence  with  Cottonwood  Creek.   Streamflow 
measurements  were  made  with  a  hand-held  pressure-diaphragm  current 
meter,  readable  to  0.1  ft/sec. 
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There  were  both  gains  and  losses,  but  there  appeared  to  be  a 
tendency  for  decreasing  streamflow  possibly  Indicating  losses  to 
alluvium  and  bedrock.   The  net  loss  between  successive  measurements 
along  the  approximately  four  stream  miles  ranged  from  24  to  104  gpm, 
and  is  depicted  in  Appendix  D  (D-3).   The  pH  and  specific  conductance 
at  the  11  sites  remained  relatively  constant,  with  pH  values  from  6.05 
to  6.68  and  specific  conductance  values  from  1159  to  1228  us/cm  (see 
Appendix  D  (D-4  and  D-5). 

2.3.2.2  Sand  Coulee-Cot tonwood  Creek 

Seepage  characteristics  of  Sand  Coulee  and  Cottonwood  Creeks  were 
determined  with  21  seepage  run  stations  established  from  8-26-81,  1500 
hrs. ,  to  8-29-81,  1000  hrs.  (see  Appendix  D).   These  included  tributary 
flows  entering  at  DFOl  (Sand  Coulee  Creek),  BFOl  (Number  Five  Creek), 
and  AFOl  (Straight  Creek),  as  well  as  18  temporary  stations  installed 
along  the  main  drainage  of  the  area  formed  by  Cottonwood  and  Sand 
Coulee  Creeks  (CF01-CF18).   The  three  permanent  gaging  stations  were 
included  in  the  seepage  profile.   Discharge  was  measured  at  each  sta- 
tion except  these  three  using  a  portable  reinforced  plywood  90-degree 
V-notch  weir,  graduated  in  hundredths  of  a  foot.   At  each  station  the 
weir  was  installed  and  leveled  across  the  channel  using  clay  and  mud. 
The  water  level  was  allowed  to  rise  to  equilibrium  behind  the  weir, 
at  which  time  the  gage  height  was  noted.   At  stations  where  the  stream 
gradient  was  high,  equilibrium  was  achieved  within  a  few  minutes;  under 
gentler  gradients,  slow  rise  in  water  level  persisted  for  up  to  four 
hours.   At  all  stations  except  one  (CFOl),  an  equilibrium  gage  height 
was  attained.   The  relative  error  of  the  technique  is  estimated  at  -5 
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percent.   The  field  pH  and  S.C.  were  measured  at  each  station.   In 
addition,  seven  water  quality  samples  were  collected  and  analyzed  for 
major  element  chemistry  and  for  both  total  recoverable  and  dissolved 
metals  (Appendix  D,  D-6).   The  discharge  at  AFOl  had  been  sampled  and 
analyzed  six  weeks  earlier,  on  7-17-81,  and  in  light  of  the  low 
variability  of  discharge,  conductance  and  pH  between  these  two  dates, 
the  data  from  this  earlier  analysis  were  considered  representative  of 
AFOl  during  the  seepage  profile. 

The  results  indicate  that  about  1078  gpm  of  surface  water  was 
input  and  about  1065  gpm  was  lost  from  Sand  Coulee  Creek  as  channel 
seepage  and  evapotranspiration  between  the  uppermost  point  5  miles 
south  of  Stockett  and  the  mouth  of  the  creek  at  the  Missouri  River. 

Evapotranspirational  losses  in  warm  months  complicate  the 
interpretation  of  seepage  profile  data.   Diurnal  fluctuations  of 
hydrographs  from  gaging  stations  on  Sand  Coulee  Creek  and  Straight 
Creek  indicate  peak  evapotranspirational  withdrawals  of  20  to  30  gpm 
and  average  daily  withdrawals  of  9  to  14  gpm.   An  estimate  of  the  total 
direct  evapotranspirational  withdrawal  over  the  entire  stream  length 
under  study  was  made  by  using  an  average  stream  width  of  4.7  feet,  a 
length  of  24  miles  (DNRC,  1979)  and  the  August,  1981  average  daily 
corrected  evaporation  rate  of  0.0168  ft/day,  a  mean  of  the  U.S.  Weather 
Bureau's  Canyon  Ferry  and  Moccasin  experiment  station  pan  data  (U.S. 
Dept.  of  Commerce,  1982).   The  average  evapotranspirational  loss  rate 
from  the  stream  was  thus  estimated  to  be  52  gpm,  or  about  2.17  gpm  per 
stream  mile. 

The  total  net  streamflow  losses  to  ground  water,  by  difference, 
equalled  1013  gpm.   Using  more  conservative  criteria,  stream  losses  to 
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infllcradon  and  ground  water  would  be  occurring,  when  between  two 
consecutive  measurements,  a  loss  remains  after  obtaining  che  minimum 
difference  of  each  pair  of  measurements  +_   5Z,  to  allow  for  possible 
measurement  error,  minus  2.17  gpm/mi  due  to  evapotranspirational 
effects . 

Based  on  these  criteria,  seven  of  the  eleven  measured  stream  seg- 
ments exhibited  streamflow  losses  to  infiltration  ranging  from  rates  of 
7  to  108  gpm  per  stream  mile.   Losses  to  Infiltration  using  the  above 
criteria  for  all  seven  stream  segments  totaled  958  gpm.   If  all  the 
gains  in  streamflow  and  evapotranspiration  losses  for  the  other  four 
segments  are  subtracted,  a  net  minimum  overall  streamflow  loss  to  in- 
filtration of  815  gpm  remains. 

A  set  of  current  meter  measurements  were  made  in  August,  1982  to 
re-check  stream  seepage  losses  from  several  segments  of  Sand  Coulee  and 
Cottonwood  Creeks.   The  results  again  confirmed  a  loss  of  about  100  gpm 
between  Stockett  and  No.  5  Coulee  on  Cottonwood  Creek.   A  very  small 
gain  was  measured  between  No.  5  Coulee  and  CF03  and  a  gain  of  168  gpm 
measured  between  CF03  and  CF02. 

A  flow  measurement  was  made  on  upper  Sand  Coulee  Creek  (T.  17  N., 

R.  5  E.,  7,  BA)  about  17.5  stream  miles  above  Centervtlle.   At  that 

3 
point  the  flow  was  2.9  ft  /s,  pH  was  near  7.0  and  S.C.  equaled  672 

us/cro.   Sand  Coulee  Creek  at  Centerville  just  above  Cottonwood  Creek 

discharged  only  1-2  gpm,  indicating  that  the  raainstem  of  Sand  Coulee 

Creek  also  loses  substantial  amounts  of  water  to  subsurface  seepage. 

Water  quality  data  collected  during  seepage  profiles  (Appendix  D 

(D-7))  indicate  the  major  impact  which  AMD  had  on  streamflow. 

Cottonwood  Creek  above  AMD  Influence  had  a  pH  of  7.33  to  8.26  and  a 
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specific  conductance  of  418  to  476  us/cm.   Downstream  at  Stockett,  pH 
was  3.16  and  S.C.  equaled  1,641  us/cm.   Just  above  Centerville,  Cotton- 
wood Creek  had  a  pH  of  3.34  and  an  S.C.  of  1,233  us/cm. 

Sand  Coulee  Creek  below  Centerville  had  pH  values  ranging  from 
3.42  to  2.60,  and  S.C.  values  of  1,267  to  3,151  us/cm.   The  pH 
decreased  below  the  confluence  with  Straight  Creek,  and  S.C.  showed  a 
tendency  to  increase  in  the  downstream  direction,  with  the  highest 
value  just  above  the  confluence  with  the  Missouri  River. 

Effects  of  both  evapotranspiration  and  acid  neutralization 
reactions  will  increase  the  total  dissolved  solids  concentration  of  the 
stream.   Stream  pH  is  affected  markedly  by  both  the  influx  of  more  acid 
or  alkaline  tributary  water  and  by  oxidation  of  dissolved  ferrous  iron 
to  the  rust-red  ferric  hydroxide  precipitate  which  coats  the  channel  of 
Sand  Coulee  Creek  and  produces  additional  acid. 
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2. A  Hydrologic  Summary 

The  Sand  Coulee  Creek  watershed  has  a  dynamic  hydrologic  system  In 
which  the  effects  of  acid  mine  drainage  from  abandoned  underground  coal 
mines  plays  a  significant  role  In  terms  of  volume  and  water  quality 
Impacts.   Peak  stream  flows  are  of  short  duration  and  Influenced 
primarily  by  spring  and  early  summer  rainstorms  over  the  entire  basin 
which  extends  to  the  Little  Belt  Mountains.   Baseflow  In  streams  origi- 
nates primarily  as  ground-water  discharge  from  the  surflcial  Kootenai 
Formation,  which  is  extensively  fractured,  and  transmits  meteoric 
recharge  as  ground-water  flow  to  the  contact  with  the  underlying  less 
permeable  Morrison  Formation,  where  springs  and  seeps  contribute  to 
streamflow.   Where  the  Morrison  coal  seam  has  been  mined,  ground  water 
leaks  into  the  old  workings  where  pyrite  is  oxidized,  creating  acid 
water  which  discharges  to  streams  from  old  mine  portals.   From  Stockett 
and  Sand  Coulee  to  the  Missouri  River,  the  baseflow  of  Sand  Coulee 
Creek  is  primarily  composed  of  acid  mine  drainage  water.   Very  little 
of  the  acid  baseflow  leaves  the  watershed  as  streamflow,  most  of  the 
water  leaving  either  as  evapotranspiration  or  being  lost  to  subsurface 
seepage  to  alluvial  and  bedrock  aquifers. 

3.   Chemical  Modeling  of  Ground-Water  Quality 

3. 1  Introduction 

One  of  the  significant  discoveries  of  this  project  was  the 
unanticipated  poor  chemical  quality  of  ground-water  sampled  from  some 
domestic  wells  in  the  study  area.   The  dissolved  solids,  sulfate,  and 
occasionally  trace  metal  content  of  some  Madison  aquifer  wells  were 
much  higher  than  the  Madison  ground  water  typically  possessed  even 
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farther  down  the  flow  system,  namely,  in  the  Great  Falls  vicinity. 

The  predominately  downward  vertical  gradients,  regional  fracturing 
and  solution  permeability  associated  with  the  area  create  conditions 
favorable  for  leakage  of  acid  mine  drainage  from  contaminated  streams 
and  alluvium  into  lower  aquifers,  principally  the  Swift  and  Madison. 

Chemical  modeling  calculations  were  conducted  in  an  attempt  to 
explain  the  mechanisms  and  dynamics  of  potential  AMD  contamination  of 
the  alluvial,  Swift  and  Madison  aquifers. 

The  primary  objective  of  the  modeling  calculations  was  to  provide 
some  ideas  on  the  constraints  that  equilibrium  or  near  equilibrium 
mineral-aqueous  phase  relationships  place  upon  the  chemical  composition 
of  ground  water.   These  results  are  then  used  to  evaluate  the  mixing  of 
various  "type"  waters.   The  result  is  a  minimum  and  maximum  value  for 
the  amount  of  acid  mine  drainage  responsible  for  the  impacted  water 
quality  of  wells  in  the  (deeper)  Madison  aquifer.   The  methodology 
employed  is  similar  to  that  described  by  Plummer  et  al.  (1983),  using 
the  program  PHREEQE  (Parkhurst  et  al.,  1980).   Acid-mine  drainage  from 
adit  AS-03  was  used  as  an  end  member  type  water.   Two  water  samples, 
from  the  Kunesh  and  Net  wells,  were  used  as  end  member  "uncontaminated" 
Madison  type  waters.   The  following  sections  describe  the  results  of  a 
pure  mixing  model  and  two  different  reaction  models.   We  will  compare 
the  predicted  product  phases  with  cuttings  from  the  planned  1983 
drilling  program  to  evaluate  which  of  these  models  most  closely 
resembles  the  natural  system  for  further  predictive  input. 

3.2  Mixing  Model 

The  product  of  a  mixing  model  is  simply  a  synthetic  water  analysis 
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in  which  X  percent  of  water  A  is  mixed  with  Y  percent  of  water  B  (X  +  Y 
■  100)  to  yield  a  hypothetical  water  C,  which  Is  the  best  possible 
approximation  of  an  observed  water  quality  (water  D).   In  order  to 
accomplish  this  calculation,  at  least  one  constituent  must  be  treated 
as  "conservative,"  I.e.,  no  additions  or  subtractions  of  this  parameter 
occur.   AS-03  drainage  and  the  Kunish  well  water  were  used  as  waters  A 
and  B;  sulfate,  which  constitutes  the  major  anion  species,  was  treated 
conservatively.   The  calculated  mixing  ratio  is  19  percent  AS-03  water 
and  81  percent  Kunesh  well  water.   Results  of  these  calculations  may  be 
found  in  Table  3. 

3.3  Reaction-Mixing  Model    1 

Because  the  mixing-model  results  provide  a  very  poor  correlation 
In  terms  of  Fe ,  Ca ,  Mg ,  pH,  and  HCO_,  a  reaction  model  was  used  to 
evaluate  the  dissolution  of  limestone  and  dolomite  by  the  acid  mine 
drainage.   Reaction  steps  for  this  model  are:   (1)  precipitation  of 
glbbsite  and  amorphous  ferric  hydroxide;  (2)  dissolution  of  calcite  and 
dolomite  plus  precipitation  of  Al(OH)-  and  Fe(OH)-;  (3)  degassing  to 
atmospheric  partial  pressure  of  carbon  dioxide  (Ppf^o);  and  (4)  mixing 
19  percent  modified  AS-03  water  with  81  percent  Knox  water  and 
increasing  the  Pp^,  to  atmospheric.   Results  of  this  approach,  shown  as 
analysis  E  in  Table  3,  provide  a  reasonably  good  match  with  the  water 
in  the  Knox  well. 

3.4  Reaction-Mixing  Model    2 

The  major  drawback  to  the  first  reaction-mixing  model  is  that  it 
ignored  the  supersaturatlon  of  the  water  with  respect  to  gypsum. 
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Gypsum  precipitation  would  remove  sulfate  from  the  water,  thereby 
requiring  a  greater  percentage  of  acid  mine  drainage  to  result  in 
hypothetical  mix  water  similar  to  that  from  an  impacted  well. 

For  this  model,  a  low  total  dissolved  solids  well  water  (Net 
well),  was  used,  and  a  less  severely  impacted  Madison  aquifer  well 
(Senior  Citizens  well,  Centerville)  was  the  control  well.   Mass  balance 
calculations  were  not  used  to  control  the  mixing  ratio.   Instead,  the 
modeling  steps  were:   (1)  react  AS-03  water  with  limestone  precipitat- 
ing Fe(OH),,  A1(0H)_,  and  fluorite  at  saturation  levels,  precipitating 
gypsum  at  slightly  supersaturated  levels,  releasing  CO-  once  Pf^f.-,  =  10 
atmosphere,  and  dissolving  calcite  until  slightly  undersaturated; 
(2)  mixing  water  from  the  previous  step  with  Net  well  water,  dissolving 
a  small  amount  of  dolomite  and  precipiating  small  amounts  of  chalcedony 
and  calcite.   This  procedure  required  45  percent  modified  AS-03  water 
and  55  percent  Net  well  water  to  approximately  match  the  water  quality 
in  the  Senior  Citizens  well. 

3.5  Discussion 

The  models  provide  Insight  as  to  the  probable  range  of  mixing 
within  the  Madison  aquifer  of  acid  mine  drainage  waters  with  "pristine" 
ground  water.   The  authors  hypothesize  that  plumes  of  significantly 
degraded  water  within  the  Madison  aquifer  are  probably  restricted  to 
the  areas  immediately  down  gradient  from  discharging  mines,  in  the 
vicinity  of  leaky  Madison  well  bores  and  near  acid  contaminated  streams 
traversing  Madison  outcrops  or  alluvial  subcrops. 

4.   Evaluation  of  Proposed  Mitigation  Alternatives 
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Previous  analyses  of  acid  mine  drainage  treatments  for  the  Sand 
Coulee  area  (McArthur,  1970;  Hydrometrlcs ,  1982)  focused  on  centralized 
neutralization  or  mine  manipulation  methods.   Knowledge  of  the 
hydrodynamics  and  hydrogeology  of  the  AMD  problem  gained  In  this 
Investigation  allows  new  evaluations  of  old  techniques  and  the 
suggestion  of  some  new  mitigation  alternatives. 

Five  AMD  control  techniques  were  proposed  for  field  testing  in  the 
Stockett-Sand  Coulee  area  based  on  this  and  previous  work  by  the  Mon- 
tana Bureau  of  Mines  (MBMG)  and  others.   In  addition  to  being  summariz- 
ed below,  the  five  methods  were  presented  on  a  proposal  to  the  Montana 
Department  of  State  Lands  (DSL)  (Appendix  E).   They  subsequently  agreed 
to  provide  funding  for  field  testing  of  two  methods:   infiltration 
control  through  increased  evapotranspiration  and  drainage  wells. 

An  investigation  of  the  extent  of  acid  mine  drainage  contamination 
In  the  alluvium  of  the  lower  Sand  Coulee  Creek  watershed  was  proposed 
and  also  funded  by  DSL  for  1983-84. 

4.1  Infiltration  Control 

A  minimum  of  two  test  sites  are  proposed  to  monitor  the  effective- 
ness of  perennial  deep-rooted  crops  (eg.  alfalfa  and  sanfoin)  and  flex- 
ible-cropping techniques  in  reducing  ground-water  recharge  to  the 
Kootenai  aquifer  overlying  the  old  coal  mine  workings.   Research  in 
dryland  saline-seep  control  has  shown  Intensive  cropping  techniques  to 
be  an  effective  tool  in  the  control  of  shallow  ground-water  flow  sys- 
tems, when  applied  with  a  sound  farm  management  plan.   An  organization 
such  as  the  Triangle  Conservation  District,  Conrad,  Montana,  would 
supply  the  required  farm  plan  expertise  to  the  farmers  involved.   Moni- 
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torlng  of  ground-water  level  trends  and  of  key  AMD  discharges  would 
quantify  the  effectiveness  of  this  approach. 

4.2  Drainage  Wells 

Dewatering  of  the  Kootenai  aquifer  with  vertical  wells  may  be  pos- 
sible, but  is  undesirable  due  to  long-term  pumpage  requirements.   We 
propose  that  horizontal  test  wells  be  drilled  into  the  basal  Kootenai 
sandstone  aquifer  upgradient  from  old  mine  workings  at  two  sites. 
Gravity  drainage  of  Kootenai  ground  water  will  eliminate  pumpage,  may 
substantially  reduce  AMD  discharge  of  the  test  sites  and  will  make  more 
fresh  water  available  for  dilution  of  remaining  AMD  in  receiving 
streams.   Horizontal  dewatering  wells  have  been  used  successfully  in 
Montana  for  highway  construction  and  mining  purposes  in  the  past. 
Vertical  connector  wells  which  would  allow  gravity  drainage  of  Kootenai 
ground  water  to  the  Madison  aquifer,  are  another  alternative  which  may 
be  tested  once  detailed  information  on  the  aquifers  and  old  mine 
workings  is  developed.   Vertical  test  hole  drilling  and  geophysical 
techniques  would  be  used  to  map  the  location  of  old  mine  workings. 

4.3  Subsurface  Injection  of  AMD 

Madison  limestone  rocks  underlie  the  entire  Sand  Coulee  watershed 
and  could  be  an  effective  decentralized,  disposal  and  neutralization 
medium  for  AMD.   However,  the  Madison  is  also  an  important  aquifer  that 
must  not  be  adversely  impacted.   Logging,  sampling  and  analyses  of  Mad- 
ison rocks  from  several  test  wells  will  indicate  its  physical  charact- 
eristics.  Aquifer  testing  and  water  quality  sampling  will  be  done  to 
determine  initial  permeability  characteristics  estimate  end  products  of 
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mixing  AMD  and  Madison  water.   An  Inicial  10-day  injection  test,  and  a 
second  100-day  test  would  be  conducted  during  which  time  extensive 
water  quality  and  ground  water  level  monitoring  would  be  done.   Follow- 
ing the  tests,  geophysical  logs  would  be  re-run  on  the  test  holes, 
aquifer  test  re-run  to  determine  permeability  changes  and  at  least  two 
new  bore  holes  drilled  and  cored  to  sample  precipitates.   Hydrochemlcal 
modeling  would  be  done  to  predict  the  long-term  feasibility  and  Impacts 
of  an  injection  program. 

A. 4  Flyash  Neutralization 

MBMG  studies  have  documented  the  effectiveness  of  flyash  in  neu- 
tralizing pyrite  induced  acidity  and  reducing  iron  mobility  of  mine 
tailing  waters  (Sonderegger  and  Donovan,  1982).   A  field  test  of  the 
effectiveness  and  maintenance  requirements  of  a  small  flyash  pit  in 

neutralizing  small  acid  discharges  in  the  Sand  Coulee  area  would  be 

3 
conducted.   Pits  of  about  200  ft   in  size  would  be  filled  with  flyash 

and  acid  inflows  of  1  gpm  or  less  allowed  to  seep  upward  through  the 

pits,  being  neutralized  prior  to  discharge  from  the  lower  end.   Water 

quality  sampling  and  pit  excavations  would  establish  the  effectiveness 

of  the  technique. 

4.5  Kootenai  Neutralization 

A  simple  and  possibly  effective  AMD  neutralization  technique  would 
be  to  mix  naturally  alkaline  Kootenai  ground  water  with  small  volumes 
of  acid  mine  water.   Mixing  would  occur  in  a  pit  where  metals  would  be 
allowed  to  precipitate  prior  to  discharge  of  the  effluent.   Typical  AMD 
acidity  and  Kootenai  ground-water  alkalinity  requires  a  1  to  10 
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volumetric  mix  for  theoretical  neturalization.   The  technique  will  be 
evaluated  by  taking  water  quality  samples  and  field  measurements  of  the 
inflow  and  outflow. 

4.6  Alluvial  Ground-Water  Contamination  Mapping 

The  alluvial  valley  of  Sand  Coulee  Creek  joins  an  abandoned 
pre-glacial  channel  of  the  Missouri  River.   Residents  all  along  lower 
Sand  Coulee  Creek  abandoned  alluvial  wells  years  ago  due  to  AMD 
contamination  and  even  the  Madison  aquifer  is  contaminated  in  places. 
The  many  years  of  AMD  seepage  losses  along  the  seven  miles  of  old 
Missouri  River  alluvium  have  had  a  so-far  undocumented  impact  on 
shallow  ground-water  supplies  in  the  Great  Falls  area.   It  is  proposed 
to  conduct  a  reconnaissance  shallow  well  drilling  and  sampling  program 
in  the  old  channel  to  document  the  extent  of  AMD  contamination.   Ground 
water  flow  gradients  and  the  extent  and  severity  of  water  quality  con- 
ditions would  be  mapped. 

5 .   Summa  ry 

The  numerous  abandoned  underground  coal  mines  in  the  Stockett-Sand 

3 
Coulee  area  discharge  a  combined  rate  of  1-4  ft  /s  of  acid  water  (pH  = 

2-5)  with  a  high  dissolved  and  suspended  metal  load.   The  sources  of 

the  water  is  primarily  downward  leakage  from  the  surficial  Kootenai 

formation.   The  acid  water  comprises  60-90  percent  of  the  total  flow  of 

Sand  Coulee  Creek  in  baseflow  periods.   Most  of  this  flow  is  lost  to 

evapotranspiration  and  leakage  to  alluvial  and  deeper  bedrock  aquifers, 

namely,  the  Swift  sandstone  (Jurassic)  and  Mission  Canyon  limestone 

(Mississippian)  of  the  Madison  group  rocks. 
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Ground-water  quality  In  the  Kootenai  aquifer  Is  Rood,  with  TDS  In 
the  300  to  450  mg/1  range  and  alkalinity  averaging  about  340  mg/1  as 
CaCO-.   Water  in  the  alluvium,  downgradlent  from  discharging  acid 
sources  is  mostly  contaminated  such  that  very  few  domestic  wells 
utilize  this  source.   Water  quality  in  the  Swift  and  Madison  aquifers 
is  variable  with  unexpectedly  high  TDS  and  sulfate  concentrations 
(maximum  TDS  -  2,413  mg/1,  maximum  sulfate  -  1,580  mg/1)  sampled  in 
some  domestic  wells.   This  is  believed  to  be  caused  by  mixing  with 
downward  leaking  AMD  water  from  alluvium,  well  bores  and  places  where 
contaminated  streams  traverse  outcrops  of  Madison  rocks. 

A  combination  of  AMD  treatment  techniques  may  prove  to  be  the  best 
long  range  mitigation  approach.   Five  control  measures  were  recommended 
for  field  testing:   1)  infiltration  control  using  intensive  cropping 
methods  in  recharge  areas;  2)  connector  and  horizontal  wells  to  dewater 
the  Kootenai  aquifer  overlying  the  old  mines;  3)  injection  and  neutra- 
lization of  acid  water  in  the  Madison  limestone;  4)  neutralization  of 
small  AMD  sources  in  flyash  pits;  5)  neutralization  of  small  AMD 
sources  in  pits  with  naturally  alkaline  Kootenai  ground  water. 
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TABLE  1 
Correlations  of  Mine  Designations  Used  In  the  Sand  Coulee  drainage. 


MBMG  No. 

Location 

Name 

McArthur  No. 

Hydrometrlcs  Nc 

^AS-01 

19N04E23ADCB 

Upper  Carbon  Mine 

23-6 

SCM-2 

AS-02A 

19N04E23ADAB 

Lower  Carbon  Mine 

23-5 

SCM-3 

AS-02B 

19N04E23ADAB 

Lower  Carbon  Mine 

23-5 

AS-04 

19N04E14DDED 

Brown  Mine 

14-1 

SCM-5 

AS-06 

19N04E13CBA 

AS-07 
^BS-01 
CS-OIA 

19N04E13CBD 

Nelson  Mine 

13-3 

SCM-6 

18N04E14ACD 

Giffen  Mine 

14-16 

SCM-4 

19NO5E07CACD 

Tracy  Mine 

7-2 

SCM-8 

CS-OIB 

19NO5E07CACD 

Tracy  Mine 

7-2 

SCM-8 

CS-02 

19NO5E07DBC 

CS-03 

19N05E18A 

CS-04 

19N05E18DDC 

CS-05 

19N05E19ACD 

CS-06 

19N05E18DCC 

13-6 

SCM-11 

CS-07 

19N05E19BAA 

CS-08 

19N05E19ABB 

CS-09A 

18NO5E06CDB 

Number  6  Mine 

6-1 

SCM-9 

CS-09B 
DS-01 

18NO5E06CDB 

Number  6  Mine 

6-1 

19NO5E20BBB 

SCM-7 

19NO5E07ABD 

Badwater  Johnson  Mine 

7-9 

SCM-7 

SCM-15 

19NO5E07AAAA 

Goodwater  Johnson  Mine 

7-8 

SCM-15 

i  A:  StraJ 
B:  Nunib€ 
,  C:  Sand 

Lght  Creek 

!r  Five  Coulee 

Coulee  Creek  below 

Centerville 

,   McArthur,  1970 
Hydrometrlcs,  1982 
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TABLE  2 
Acid  Discharge  Characteristics,  1980-83 


Observed  Range 

Flow 

S.C. 

Site 

(gpm) 
43-500 

PH 

us /cm 

AS-01 

2.21-3.01 

4679-5349 

AS-02a 

7-26 

1.99-2.82 

2316-8047 

AS-03 

0-5 

2.48-2.79 

5363-6974 

AS-04 

45-67 

3.84-4.20 

3083-3487 

AS-05 

0-50 

2.90-3.42 

3352-3406 

AS-06 

0-38 

2.80-3.10 

1701-3469 

AS-07 

12.5-250 

2.21-3.67 

5023-10,306 

BS-01 

150-351 

3.44-5.41 

1038-8652 

CS-01 

14.3-39.7 

2.28-2.88 

1487-2103 

CS-02 

0-4.8 

2.85 

1387-1817 

CS-06 

0-0.61 

3.45 

8892 

CS-07 

1.1 

2.27 

15,732 

CS-09 

10.0-38.1 

2.25-2.60 

4865-7365 

CS-10 

0-80 

1.50-2.55 

10,114-10,591 

DS-01  0-6  2.80  2283 

SCM-7  5-15         2.3-2.35         2820-4243 

SCM-15        3.8-7         3.02-6.3  1004-1100 
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TABLE  4 


Selected  Well  Inventory  Data  for  the  Sand  Coulee  Area 


NO. 

n 

'A 
12 

:3 

n 

\2 

II 

12 

13 

lA 

15 

16 

17 

18 

19 

110 

HI 


AQUIFER 
Alluvium 

Kootenai 
Kootenai 
Kootenai 

Jurrassic 
Jurrassic 


Madison 
Madison 
Madison 
Madison 
Madison 
Madison 
Madison 
Madison 
Madison 
Madison 
Madison 


Limestone 
Limestone 
Limestone 
Limestone 
Limestone 
Limestone 
Limestone 
Limestone 
Limestone 
Limestone 
Limestone 


LAND 

TOTAL 

STATIC 

ELEVATION 

DEPTH 

WATER  LEVEL 

S.C. 

DATE 

ft,  msl 

ft 

ft,  msl 

us/cm 

MEASURED 

3800 

35 

3784.02 

983 

6-4-82 

4303 

90 

4228.12 

8-19-82 

4075 

131 

4057.32 

677 

6-21-82 

75 

4356.18 

506 

8-19-82 

3695 

58 

3665.52 

6-2-82 

3390 

100 

3365.27 

1336 

5-27-82 

3440 

158 

3338.64 

612 

6-9-82 

3430 

168 

3320.22 

700 

6-18-82 

3457 

175 

3374.44 

595 

6-5-82 

3455 

220 

3448.67 

1667 

6-4-82 

3460 

185 

3311.32 

617 

6-10-82 

3455 

175 

3375.24 

597 

6-19-82 

3475 

200 

3352.08 

2292 

6-9-82 

3510 

290 

3313.1 

826 

6-20-82 

3490 

258 

3408.3 

2911 

6-2-82 

3400 

125 

3334.19 

1698 

5-28-82 

3418 

200 

3345.85 

5-28-82 

Refers  to  Figure  6. 

All  measurements  by  MBMG. 
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Figure  1.   Location  of  study  area. 
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Figure  2.   Location  of  springs  and  add  discharges 
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Figure  3.  Discharge,  in  gallons  per  minute,  of  springs  on  May  28, 1981. 
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Figure  4.  Specific  conductance  of  spring*  in  micro»ianMns/cm  (/iS/cm)  on  May  28,  1981. 
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Figure  6.     Location  of  domestic  wells  inventoried  by  MBMG,  1982. 
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T.D.S. 

ID. 

Lab  number 

(mg/L) 

A 

82Q0490 

611 

B 

82Q0496 

500 

C 

81Q1088 

2410 

D 

83Q0001 

1410 

E 

82Q0499 

324 

F 

82Q0497 

573 

G 

82Q0493 

393 

H 

83Q0003 

569 

1 

82Q0504 

435 

J 

83Q0002 

785 

K 

82Q0500 

387 

L 

82Q0501 

1150 

CATIONS 


PERCENTAGE  REACTING  VALUES 


Figure  8.   Piper  plot  of  water  analyses  from  Madison  Group  wells, 
Stockett '  Sand  Coulee  area,  Montana. 
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T.D.S, 

1.0. 

Lab  number 

(mg/L) 

A 

82Q0502 

277 

B 

82Q0494 

295 

C 

82Q0491 

307 

D 

82Q0503 

369 

E 

82Q0505 

433 

F 

82Q0492 

454 

G 

82Q0498 

1737 

H 

82Q0495 

433 

CATIONS 


PERCENTAGE  REACTING  VALUES 


Figure   9.   Piper  plot  of  water  analyses  from  Jurassic  and  Kootenai  wells, 
Stockett  •  Sand  Coulee  area,  Montana. 
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APPENDIX  A 
SPRING  AND  ACID  DISCEARGE  DATA 


A-1 
SPRING  MONITORING  DATA 
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A- 2 
SPRING  WATER  QUALITY  LABORATORY  ANALYSES 


OF"    MINES    AHU    GEOLOGY 
fi9;'01        (40A  )  496- '•.  10  t 


WATER-    QUAI   ITY    ANALYSIS 
LAt:    NO.     8002JJ16 


LATITllPr-  I 

uTM  con 

TOrOfiRA 

CFOL  OGI 

DRAINA 

AnFMHY     f 

ROTH 

LiATF 

TIMr 

LAb     ♦ 

DATC 

GAMPL  F 

MTIHOn 

U 


STATE 
OMGITUUC 
RDINATFS 
PHTC    MAP 
C     SnuRHF 
GF     BASIN 
SAMF'I.  FR 
f    NlJMBt'R 
SAMPLE D 
SAMPLETri 
ANAL  YST 
ANAl.Y,!ED 
HANPL ING 
SAMPLFD 
ATHR    IJSF 


GAMPL  ING  STTF. 

nrnioGic  sourgf 


CALCIUM 
MAGNESIUM 

snnruM 

rOTASr.  TUM 

IRON 

MANGANESE 


(CA) 
(MG) 
(NA) 
(K) 
(FE) 
(MN) 


SILICA   (Sin:') 

TnTAL.  CATinNS 


hON 
'.711 
-•  1? 
SOU 

rn 

MBM 
AS- 

?o- 
09: 

MBM 
09- 
1  t.? 
GRA 
UNU 


TANA 
:3' t  ?• 
NS?4  7 
THtAtVr 
MRSN* 

Gt.J.JD 

01 

SEP  30 

00  HOU 

G*FNA 

MAR- ni 

0 

P. 

SED 


U 


N  1  1  1  fi  1  0  '  4  9  • 
S90  tIB.SUO 
GREAT  FALLS 
t 

L  ANf! 


I 


RS 


SUI. 


SAND  cnui 

MnRRISON 

MG/L 
190. 

19 '.4 

.  rs 

712. 
2.03 
RB.R 


EL  MINING 
FORMAT  I  ON 


cnuNi Y 

SITE  LnCATIOH 
MRMG  SITE 
STATION  ID 
»   SAMPLE  snURf.E 
SURFACE  ALTITUnr 
SliSTAINFD  flELn 
rlFI  D  MFAS  METHOIi 

TOTAL  hepth  of  well 

AI::OV(.  I   )  OR  PEL  OU  GS 

CASING  DIAMETER 

CASING  TYPE 

COMPLETION  TYPE 

PERFORATION  INTERVAL 


DISIRICT«NO  NAME  CREEK 


CASCADE 
19N  ^,E 
SC  -ASOl 

47?;',121  :  1  10'',901 
MINE  DRAINAGE 
3500.   FT    10 


MEO/L 
9.4R 
10.04 


0, 

0, 

0, 


8", 
01 


PICARHONATE 

CARBONATE 

CHLORIDE 

SULFATE 

NITRATE 

FLUORIDE 


(HCO^v 

(Cn.l; 

<CL:i 

(S04) 

(AS  N; 

(F) 


f,8.69 


PHnSPHATE  TnT  (AS  P> 
TOTAL  ANIONS 


MG/L 


/, .  .1 
4600. 

.01 
4.20 


MEQ/L 


0.09 

%J   •    /     * 

0.00 
0.22 


96.00 


LABORATORY  F'H 

FIEI  n  WATER  TEMPERATURE 

CALCULATED  DISSOLVED  SOLIDS 

SUM  OF  DISS.  CONSTITUENT 

LAD  SPEC.COND. ( M I CROMHOS/CM ) 

PARAMETER 
TEMPERATURE,  AIR  (C) 
FIFl D  PH 

NICKEL rDISS  (MG/L  AS  NI) 
LEAD, DISS  (MG/L  AS  PB) 
STRONTIUM, DISS  (MG/L -SR) 
TITANIUM  D):S(MG/L.  AS  TI) 
VANAriIUM,DISS(MG/L  AS  V) 
ZINC. DISS  (MG/L  AS  /N) 
ZIRCONIUM  DIS(MG/L  AS  I'R 
ARSENIC, DXSS(UG/L  AS  AS) 
SELENIUM,  DISS  (UG/L-SE) 


N  I  ON-  CAT  1 1 

IN  rsALANCE    (SIGMA) 

A  < 

,73 

TOTAL  HARDNESS  AS 

CACn.J 

976.58 

10, 

.0  ( 

■;  TOTAL  ALNAL  INITY  AS 

CAC03 

SODIUM  ADSORPTION 

RAf  10 

0.27 

RY.'NAR  STAPILITY 

INDEX 

4568, 

LANGLIHR  SATURATION 

INDEX 

VALUE 

PARAMETER 

VAL  UE 

13.  0  C 

CNDUCTVY,F1EL  D  MICROMHOS 

5102. 

2.62 

ALUMINUM,  DISS  (MG/L- 

•AL) 

393. 

3.96 

SILVER,DISS  (MG/L  AS 

AG) 

S.002 

':.04 

BORON  ,DISS  (MG/L  AS 

B) 

.  16 

.95 

CADMIUM, DISS (MG/L  AS 

CD) 

.041 

.065 

CHROMIUM,  DISS  (MG/L- 

-CR) 

^  -9 
•  X.  / 

.34 

COPPER,DISS  (MG/L  AS 

cm 

*  1  •> 

17.6 

LITHIUM,  DISS  (MG/L.  AS 

L.I) 

.52 

.040 

MOl YBDENUMrDISS(MG/L 

-NO) 

.03 

.?0.4 

MERCURY, D I SS(UG/L  AS 

HG) 

<.03 

1.7 

ACIDITY f TOT (MG/L  •CAC03) 

4695. 

REMARKS!  FINE  WHITE  PRECIPITATE  IN  WATER  -BECOMES  ORANGE  PRECIPITATE  UPON 

REACHING  CREEK  *  MINE  OUTFLOW  •  HEAD  OF  NO-NAME  COULEE  (SHE  AS  -01)  * 
lab:  H-t=-41.1  MG/L  *  40.7  MEOV/I.  ,  SIGMA   10.3,  114  TOTAL  CALION  MEQVS/L  » 


EXPI  ANATTON:   MG/L 


MILLIGRAMS  PER  LITER,  UG/L  -  MICROGRAMS  PL  R  LIIER,  MEfl/L  r. 


Mil  I  UOUl  VEI.  L  NTS  PER  I  ITER. 
ESTIMATED,  (R)  -■    REPORTED. 


othkr  available  data 
other  file  numbers: 

pro.jfct: 

LAST  EDIT  DA  if: 

PROCESSING  program: 


FT  ^-    FEET,  MT  ^    METERS. 
TR  =     TOTAL  RECOVERABLE. 


QU   WA 


UT 


OU   PU   AT 


04-  MAY  -81 

F1730P  V2  ( 11/3/81 ) 


COST 

BY 

PRINTED 


(M) 

TOT  ■■ 


MEASURED,  (E) 
TQI AL  . 


orurR 


TP  *CLG 
27  MAY  03 


NOTE 


PERCENT  MEQ/L  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03   C03 
46.5  49.3   4.1   0.0   0.1  99.9   0.0   0.0 

IN  CORRESPONDENCE,  PLEASE  REFER  TO  LAB  NUMBER:   0002316 


A-5 


MONTANA    SURFiAll 
F.UTTE.  MONTANA 


or    MINITS    AND    GfiOLOGY 
S9701        <40&>49<S-  4:101 


WATCR    QUALITY    ANALYSIC 
LAB    NO.     Bin.t006 


nirilO'49 

0    r4G>S410 

CRTAT    TALI. 

« 


COUNTY 
'W  RITT    LOCATION 

M.?MG    GITr 
:    7    t  STATION    in 

»       SAMPI  r    SOURCE" 
LAND    SURFACr    ALTITUOT 
GUGTAINCO    Yiri..D 
YITLD    MTAf;    MFTHOD 

TOTAL.  nrPTu  or  uell 

>U\.     AI:OVC(-  )  OR  PL  L  OW  C:^ 
CASING  DIAMTTER 

CASING  typf: 

COMRLTTION  TYPE! 
rCRrORATION  INTrRVAL 


SAMPLING  SITT  SAND  COULTF  MINING  DI STRICT«NO -NAMr  CRETK 
GEOLOGIC  SOURCIT  MORRISON  FORMATION 


STAT!:" 

MONTANA 

LATITUnt-LONGITUDf 

47D23' 12*N 

UTM  COORHINATrS 

71?  N524707 

TOPOGRAPHIC  MAP 

SOUTHEAST  C 

oroi.oGic  souRcr 

721MRSN* 

DRAINACr  DAS  IN 

DP 

AGLNCY  i     SAMPI..r/:R 

Mr;iMG*ADM 

DOTTLE  NLIMDER 

AS  01 

DATIT  SAMPL-TD 

M-  JUL.  Ql 

TIME  SAMPLED 

li:00  HOURS 

LAP  +  ANALYST 

M3MG*rNA 

DATK  ANALYZED 

SAMPL.T  HANDLING 

4?20 

METHOD  SAMPLED 

GRAD 

uat.tr  use 

UNUSED 

CASCADE 

IVM  04E  ,?;3  ADCB 
ASOl 

472312111 104901 
MINE  DRAINAGE 
;5500.       >  10 


CALCIUM 

MAGNESIUM 

SODIUM 

POTASSIUM 

IRON 

MANGANESE 

SILICA   <! 


(CA> 
<MG) 
(NA) 
(K) 
(ED 
<MN) 
102) 


MG/L 
173. 
122. 
lA.l 

•  ^  ^ 

061  . 
1  .9? 
71.6 


MEO/L 

R.A3 
10 

0 

0 
4  A 

0 


04 
70 
01 
25 
07 


TOTAL  CATIONS 


70 


BICARBONATE  (HC03) 

CARBONATE  (C03) 

CHLORIDE  (CD 

SULFATE  (S04) 

NITRATE  (AS  N) 

FLUORIDE  (F) 

PHOSPHATE  TOT  (AS  P) 

TOTAL  ANIONS 


MG/L 
.0 
.0 
A.  5 
4039. 

.05 
0.12 


MFO/L 


0.  IC 

100.75 

0.06 

0.43 


101.42 


STANDARD  DEVIATION  OF  ANION  CATION  BALANCE 


(SIGMA) 


FIEL.D  I 
CALCULATED 

SUM  or 


LABORATORY  PH 

lATER  TEMPERATURE 

DISSOLVED  SOL  IDS 

CONSTITUENT 


56 
1 


TOTAL  HARDNESS  AS 

TOTAL.  ALKALINITY  AS 

SODIUM  ADSORPTION 

RYZNAR  STABILITY 


CAC03 
CAC03 
RATIO 
INDEX 


LAB  SPEC.COND. (MICROMHCS/CM)   5157 


LANOLIER  SATURATION  INDEX 


TEMP 
EI  EL. 
NICK 
LEAD 
GTRO 
TTTA 
VAN  A 
ZINC 
ZIRC 
IRON 
ALUM 


PARAMETER 
ERATUREf  AIR  (C) 
D  PH 

EL  >DISS     (MG/L    AS    NI) 
»DISS        (MG/L    AS    PB) 
NT  I  UM, DISS     (MG/LSR) 
NIIJM    DIS(MG/L     AS    TI) 
DIUM,DISS(MC/L     AS    V) 
.DISS        (MG/L.    AS    7N) 
ONIUM    DIS(MG/L    AS    7R 
,TR     (MG/L    AS    FE) 
INUM,TR     (MG/L     AS    AD 


VALUE 
20.0 

X.  ♦  /  i 

4.32 
■;.004 
.93 
.024 
.35 
IS. 7 
<.004 
065. 
466. 


CNDUC 
ALUMI 
SIl.VE 
BORON 
CADMI 
CHROM 
COPPE 
LITHI 
MOLYB 
SEl.EN 
ACIDI 


PA 
TVYf 
NUM, 
R  f  D I 

PI 
UM»D 
lUM, 
R »  D I 
UM.  r 
DENU 
IUM» 
TYf  T 


RAM 
FIE 

ni 

SS 
SS 
ISS 
01 
SS 
ISS 
M»D 
TR 
0T( 


ETER 
LD  M 
SS  ( 
(MC/ 
(MG/ 
(MG/ 
SS  ( 
(MG/ 
(MG/ 
ISS( 
(UG/ 
MG/L 


ICRO 
MG/L. 
L    AS 

LA  f^ 
no 

L  AS 
MG/L 
L  AS 
L  AS 
MG/L 
L.  AS 
■  CAC 


MHOS 
AL. ) 
AG) 
B) 
CD) 
CR) 
CU) 
LI) 

•MO) 
SE) 

03) 


934 . 13 
0.23 


VALUE 
5357. 
463. 

<.002 

.'064 

,26 

.31 

.52 

X-.02 

2.4 

4060. 


remark; 


WATER  VEI 
MINE  OUT 
Hi     OF  01 


JY  FROTHY  AMD  FOAM  COVERED  AFTER  DISCHARGE 
FLOW,  HEAD  OF  NO  NAME  COULEE  (SITE  AS  01) 
,73  MG/L  GIVES  100.5  MEO  CATIONS  GIVES  .6  SIGMA 

MILLIGRAMS  PER  LITERf  UG/L  =  MICROGRAMS  F'ER  LITER.  MEO/ 


explanation:  mg/l 

mil  lieouivel.ents  per  liter.  ft  =   feet,  mt  =  meters. 

estimated,  (r)  =  reported.  tr  =^  t07al  recoverable. 


other  available  data 
other  file  numbers: 

project: 

LAST  EDIT  pate: 

PROCESSING  program: 


ou     UA  ; 

Y 
8002316 


UT   OU   PU   AT 


19  FEB- 02 

F1730P  V2  (11/3/01) 


cost: 

by: 

printed: 


(M)  =  MEASURED,  (E)  = 
TOT  =  TOTAL. 

OTHER 


TP  *JKS 
27  MAY  03 


PERCENT  MEO/L  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03 
44.6  51. B   3.6   0.0   0.2  99.0   0.0 


C03 

CO 


note:  in  correspondence,  please  refer  to  lap  number:  oiaioG6 


A-6 


MOHTAMA    miRFAll    OF    MINFS    AMP    f.FOLnr.Y 
BUTTFrMONTANA       59701        <  40/, )  496-4  t  0  1 


UATFR    OIIAI   n  Y    ANALYSIS 
LAB    N'Cj.     f;00?317 


LATITIJUF  LO 
UTM  COCk 
TOPOGRAF 

GFoi  noic 

DRAlNAfi 
AHFNCY     + 
BOTH.  F 
OATF 
TIME 
LAB    + 
DA1F    A 
GAMPIF    H 
METHOD 
UA 


STArr: 

NnTllJIiF 
niMATFS 
HIC    MAP 

SOURCF 
F  BAFFIN 
SAMPLER 

NUMBER 
SAMPL  FD 
SAMPL  Fn 
ANAL  YST 
NAI.  Y/KU 
AM PL  I  NO 
SAM  PI  rii 
TFR    IJSF 


MONTAN 
47I03' 
71?  No 
SniJTHF 
?2ir.RG 
BB 

MBMr.tJ 
AS  0.? 
?0  SEP 

o9::;o 

MBMn«F 
09  MAR 

4iro 

fjRAB 
liNllSFD 


7  1  'N     1 1  IB  10' 30' W 
?4fll90    F4RA575 
AST    r.RFAT    JAMS    7 

N*  * 


JD 

80 
HOURS  SUI 

NA 

fll 


rnuNT Y 

SITL  LOCATION 

MBNG  SHE 

1      STATION  III 

*   SAMPL F  SOURCE 

ANB  SURFACE  ALTITUBF 

SUSTAINFn  Yin  L  Ci 

YIELB  MEAS  MCTHOU 

rOTAI   BFP.'H  OF  WELL 

ABO'.'K  (   )  OR  BEI  OU  GS 

CASING  niAMGTER 

CASING  TYPE 

COMPLETION  TYPE 

PERFORATION  INTERVAL 


CASCADE 

IVN   4E  2Z    AADC 
AS-  02 

4/:'3:-ll  1  1  103001 
MINE  DRAINAGE 
3S70.    FT  ,  10 


SAMPLING  SITE 
GEOLOGIC  S0(;RCE 


SAND  COULEE  MINING  D I  STR I  CTtNO  NAMF  CRt.EN 
MORRISON  FORMATION 


CAI  CXUM 

MAGNESIUM 

SODIUM 

POTASSIUM 

IRON 

MANGANESE 

SILICA        (C 


<CA) 
<MG) 
<NA) 
(K) 
v'FF) 
(MN) 
102) 


MG/L 
190. 
llfi. 
If.  .9 
;.  Ifi 
502. 

2.S4 
104.0 


MEQ/L 
9.  48 
71 


MG/L 


9 
0 

0, 


A9 


09 


BICARBONATE 

CARBONATE 

CHI. OR  IDE 

SULFATE 

NITRATE 

FLUORIDE 

PHOSPHATfc" 


TOT 


(HC03) 

(C03) 

(CI  ) 

(S04) 

(AS  N) 

(F) 

(AS  P) 


MEQ/L 


TOTAL  CATION? 


4<'>.94 


TOTAL  ANIONS 


2.5  0.07 

S400.  112.4,1 

■■: .  0 1 

4.97  0.26 


112.76 


STANDARD  DEVIATION  OF  ANION-CAT ION  BALANCE 


(SIGMA) 


LABORATORY  PH 

FIEI  D  WATER  TEMPERA  HIRE 

CALCULATED  DISSOLVED  SOLIDS 

SUM  OF  DISS.  CONSTIIUENT 

LAB  SPEC.COND. ( MI CROMHOS/CM ) 


4  9      TOTAL  HARDNESS  AS 

6  C  TOTAL  Al.  KAL  TNITY  AS 

SODIUM  ADSORPTION 

RY.'NAR  STABILITY 

LANG;.  lER  SATURATION 


CAC03 
CACO^J 
RAl  10 
INDEX 
INDEX 


TfM 
FIE 
NIC 
LEA 
STR 
TIT 
VAN 
ZIN 
ZIR 
ARS 
SEL 


PERA 
l.D  P 
KFL, 
D  ,  D I 
ONTI 
ANIU 
ADIU 
CDT 
CONI 
EN  IS 
ENIU 


PAR 

TUR 

t-l 

DIS 

SS 

UMr 

M  D 

M>  D 

SS 

UM 

»PI 

M, 


AMETER 
Er  AIR 


(C) 


S  (MG/L  AS  NT) 

(MG/L  AS  PB) 
DISS  (MG/L  -SR) 
IS(MG/I   AS  TI) 
TSS(MG/L  AS  V) 

(MG/L  AS  ZN) 
DIS(MG/L  AS  7R 
SS(UG/L  AS  AS) 
DISS  (UG/L-SF) 


VAL.UE 
14.0  C 
2.46 
4.6 
■C.04 
.74 
.069 
.  15 
19.5 
.030 
K.l 
1  .4 


CNDU 
ALUM 
S  T  L.  V 
BORO 
CADM 
CHRO 
COPP 
LITH 
MOL  Y 
MERC 
ACID 


P 
CTVY 
INUM 
FR»D 
N  ,  D 
lUM. 
MIUM 
ER«D 
IUM7 
PDEN 
URY» 
ITYr 


ARAM 
»F1E 
.  DI 

ISS 

ISS 

DISS 

,  DI 

ISS 

DISS 

UM  .  D 

DISS 

TOT( 


ETER 
LD  MI 
SS  (M 
(MG/L 
(MG/r 
(MG/L 
SS  (M 
(MG/L 
(MG/l 
TSS(M 
(UG/l 
MG/L  • 


CROMHOS 
G/l.     AL) 


AS 
AS 
AS 

G/l 
AS 
AS 

G/L 
AS 


AG) 

B) 

CD) 
•CR) 

CU) 

LI) 
-MO) 

HO 


CAC03) 


960. 12 
0.22 


VAl  UE 
5609. 
401  . 

^.oo: 

.19 
.11 
.20 
.23 
.63 
.03 
'■.03 
4  560. 


remarks:  uaier  is  pale  yellow   becomes  orange  upon  reaching  creek  » 
spring  dratnagf  from  mine  adit  as--02  *  just  above  landfill  - 
coulee  *  discharge  from  adit  (caved)  and  old  wood  drain  pipe 


SAND 

t 


lab:  Hf^46.6  MG/l   *  46.2  MEOVS/L /  SIGMA  .97,  111.0  TOTAL  CATION  MEOVS/L  « 


explanation:  mg/l  =  milligrams  pn:R  liter,  ug/l.  =  micrograms  per  liter,  meq/l 


MILL  lEOUIVEL ENTS  PER  LITER. 
ESTIMATED,  (R)  -■■    REPORTED. 

OU 
OTHER  AVAILABLE  DATA 
OTHER  FILE  NUMBERS: 


TR 
>JA 


FT     =    FEET,     MT    -^    METERS 
TOTAL     RECOVERABLE. 


Ul 


OW   PIJ   AT 


(M)  ^  MEASURED. 
TOT  -r-     TOTAL  . 

OTHER 


( E  )  ^- 


project; 

LAST  EDIT  date: 

PROCESSING  program: 


01-MAY  01 

f  1730P  V2  (11/3/Bl) 


cost: 

by: 

printed: 


PERCENT  MEQ/L   (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03 
4  7.7  40.13   3.5   0.0   0.1  99.9   0.0 


TP  »CLG 
27  MAY  -03 


C03 
0.0 


note:   in  CORRESPONDENCE,  PLEASE  REFER  TO  LAB  NUMBER:   00R2317 


A-7 


MOMTANA    BIJRFAU    C5F    MlMfS    AMD    GFOI.  OGY 
BUT  TFiMnNTANA       59701        <  406  )  49A--4  1  01 


UATCR    OUAl ITY    AMALYCIC 
l.AEi    NO.     nORl'31R 


N    IIIDIO'32' 

130  e:4nA755 

GFvTAT    TALI.  fJ 
lUNFL* 

I 


STATE  MONTANA 

LATITUDE-  I.  ONn.TTUnr  4  7D?:?',?0' 

UTM    COORDIMATirS  ■!: }  ?    N5240 

TOFOGRAPHIC    MAF'  r.OlJTflf.  AST 

GFOlOGir,    SOliRCr  7?1MRSN'*1 

DRATNAGr.    BASIN  PP 

ASlNi'  Y     »     SAMP!  i::R  MR(U>*JJD 

DOT  (I  r    NlJMlf.il  R  AS     0.1 

DAir    SAMPLE U  ?0-SCP-80 

I  tmk;  sampi.  rn  10:00  hgu 

LAB    +     ANALYST  Mf!MG*rNA 

DATF    ANALYZFn  09-MAR-fll 

SAMPLir:    HANflLING  4  120 

MFTHOD    SAMPLFD  GRAP 

UATFR    IJSF  lINdSFD 


GAMPI.  TNG    SITF    SAND    COULFF     MINING 
GrriLOGIC    SOIJRCF    MORRISON    FORMATION 


M 


RS 


SWL 


COUNTY 

SITF  LOCATION 

MBMG  SITF 

7  1     STATION  ID 

»   samp:.  F  SOURCF 

AND  SURF  ACF  Al.  TITUDF 

SUSTAINirn  YULD 

YIFLO  MFAS  MLTUOn 

TOTAL  nfPlH  OF  UFLL 

AHOVFC  ■)  OR  PFLOW  GS 

CASING  DIAMFTER 

CASING  TYPE 

COMPLETION  TYPE 

PERFORATION  INTERVAL 


DISTRJCT«NO  NAME  CREEK 


CASCADE 

19N  4E  ?:i   AAnn 

AS  03 

4723,?0111103,?01 
MINE  HRAINAGE 
35.10.   FT    10 


CALCIUM 
MAGNESIUM 

soniUM 

POTASSIUM 

IRON 

MANGANESE 


(CA> 
(MG) 
<NA) 
(K) 
<EE) 
(MN> 


;ll.  ICA   (SI02) 
TOTAL  CATIONS 


MG/L 

42A. 

ISA. 

20. 

<S74* 
9. 
117 


MEQ/L 


A  7 
0 


15. 
0. 

0. 


7.6 
10 
SB 


BICAKPONATE 

CARPONATE 

CHLORIDE 

SULFA  IF 

NITRATE 

FLUORIJ.iF 

PFmSPHATE  Tor 


(HC03) 

(C03) 

(CD 

(S04) 

<AS  N) 

(F) 

(AS  P) 


MG/I. 


5.G 
A520. 


MER/L 


.04 
A. 7 


0 

lA 

135 

75 

0 

00 

0 

35 

'4  .00 


TOTAL  ANIONS 


13A. 27 


GTANDARn  PEVIATTGN  OF  ANION  CATION  BALANCE 


(SIGMA) 


CAL 
LAI: 


LAPORATGRY  PH      2.AJ 
EIFLli  WATER  TEMPERATURE     13  >0 
CLIL.ATED  DISSOLVED  SOLIDS 
SUM  OF  DISS.  CONSTIIUENT 
SPEC.COND. (MICROMHOS/CM)   572 A. 


TOTAL  HARDNESS  AS 
TOTAL  ALKALINITY  AS 

SODIUM  ADSORF'TION 

RYc'NAR  STABILITY 

LANG!.  IFR  SATURAI  ION 


CAC03 
CAC03 
RATIO 
INDEX 
INDEX 


PARAMETER 
TEMPFRATL!RE»  AIR  (C) 
FIELD  PH 

NICKEL. DISS  (MG/L  AS  NI) 
LEAD' DISS  vMG/L.  AS  PP) 
STRONTIUM, DISS  (MG/L  -SR) 
TITANIUM  DIG (MG/L  AS  TI) 
VANADIUM, DISS(MG/L  AS  V) 
ZINC,  DIGS  (MG/L  AS  I'.N) 
ZIRCONIUM  DIS(MG/L  AS  ZR 
ARSENIC, P I SS(UG/L  AS  AG) 
SELENIUM,  D.TSS  (UG/LSE> 


VALUE 

14.0    C 

1         /  ^ 

5.31 

■■;  ,  04 

A           O   ^ 

i.   •  ^  o 

.  11 

.OA 

21.1 

.041 

:;.i 

CNDU 

al(;m 

S I  L  V 
PORO 
CADM 
CHRO 
COPP 
L  ITH 
MOLY 
MERC 
ACID 


PA 
CTVY, 
INUM, 
ER,DI 
N  ,  D  I 
lUMr  D 
MIUM, 
F  R  ,  D I 
IUM,P 
PDENU 
URY,D 
ITYfT 


RAM 
f  I  E 

DI 
SS 
SS 
ISS 

PI 
SS 
ISS 
M  ,  D 
ISS 
0T( 


ETER 
LP  M 


(MG/I 
(MG/I 
(MG/I 


ICRO 
MG/L 
AS 
L.  AG 
L  AS 
SS  (MG/L 
(MG/L  AS 
L  AG 
MG/L 
L  AS 
•CAC 


(Mf 

T  c-c 


(i 


(UG/ 
MG/L 


MHOS 
■  AL) 
AG) 
B) 
CD) 
CR) 
CU) 
L.  I  ) 
MO) 
HG) 
03) 


,tt29. 30 


VALUE 

5414. 

552. 

•  OOA 

.29 

.057 

.20 

.059 

-in 

:;!62 
:.0  3 

4A75. 


remarks:  WATER  IS  PALE  ORANGE  ■  BECOMES  PRIGHT  RED  UPON  REACHING  CREEK  « 
SPRING  AS-03  ■  FLOWING  THRU  SAND  COULEE  LANDFILL  * 
SAMPLE  TAKEN  JUST  PEL OU  LANDFILL  * 
lap:  H{-  =  3A.7  MG/I.  *  3A,4  MERV/L,  SIGMA  .  A5  *  130  TOTAL  CATION  MEOVS/L  * 


explanation: 


'L  ^  MIL.!.  IGRAMS  PER  LITER,  UG/L  ^  MICROGRAMS  PER  LITER,  MEQ/L 


MILLIEOUIVEI.ENTS  PER  LITER.   FT  ^  FEET,  «T  -^  METERS 
ESTIMATED,  (R)  -  REPORTED.   TR  t:  TOTAL  RECOVERABLE. 


OTHER  AVAILABLE  PATA 
OTHER  riLF  NUMPFRS: 

pro.ject: 

LAST  EDIT  pate: 

PROCESSING  program: 


QW   WA 


0  4-  MAY  Gl 
ri730P  V2 


WI 


OW   PtJ   AT 


(M)  ^  MEASURFD, 
TOT  =  TOTAL. 

OTHER 


(E)  = 


(11/3/Bl ) 


COST 
RY: 

printed: 


PERCENT  MEO/L  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03 
5A,G  40.9   2.3   0.0   0.1  99.9   0.0 


TP 
27 


cn3 

0.0 


*CLC 
MAY  fil 


note:   IN  CORRESPONDENCE,  PLEASE  REFER  TO  LAP  NUMPER:   K00231R 


A-8 


HONTANA    DIJRFAU    Of    MINTS    AND    nmi.  OOY 
BIJTTF. MONTANA       57701        (  40.S  )  49A     4  1  01 


UATTft    OIJAMTY    ANAI.  Yfiir/ 
LAB    MO.     3100057 


2TATE  MONTAN 

LATIT'jnr  LONniTUnF  47n?7,' 

UTM  CnORDTNATrr,  71?  N^. 

TOPORRAPMIf:  MAP  nCdTMF 

ccni  nnic  sourhf  ??iMRr, 

DRAINAfiF    SAT.IN  TB 

AGFNCY     f    nAMRIFR  MX;Mr,«.J 

BOTTIF    NIJMSER  Afv    03 

DATF  r.AMfi  rn  o.i  mar 

TIMF  r,AMPI.  FD  1  1  :00 

LAf!  i    ANALYST  MKiMHtf 

DATF  ANALY7f n  ??■   APR 

GAMPI.  F  HANr:l  INF.  4 '.  ."'0 

MFTMOn  I'.AMPI.  FT!  GRAB 

UATFR  Unr  UNUSED 


4'N  11ini0'37 
47990  F4f36A?0 
r>RFAT    FAT  I. 


Ar,T 
N< 

jn 


Bl 
MtlURS 
NA 

31 


r,uL 


COUNTY 

'U  SITL     I  nCATTON 

MEMO    SITF 

;    7    1  STATION    in 

«   SAMPI.F  SOIJRCF 

LAND  SURFACF  Al  TITUDF 

SUSTAINFf!  YIFI.  D 

YIFI  n  MfAS  MFTKCD 

TOTAL  DFPTH  OF  WLI.  L 

A.?nVF<  )  OR  BCLOU  GS 

CASINO  niAMFTFR 

CASING  TYPC 

COMPI.FTION    TYPF. 

PFRFORATION     INTLRVAL 


CASCADF 

19N   4r  ?3  ADAC 
AS  03 

-177314111  103901 
MINK  DKAINAOr 
35  70,  n     ■:    50 


SAMPI  INC  STTF  STCCNFTT    SAN)!  COUI.FF  MIN'.NO  DISTRICT 
GFOiOGIC  SOURCF  MORRISON  FORMATION 


MG/I.       MFQ/I. 

MG/I 

MFR/L 

CA!  CIUM    <CA) 

792.        14.57 

t:ICARSONATF 

(HC03) 

MAONFSTUM  (MG> 

190.        15. A3 

CAR}.:ONATr 

(C03> 

SODIUM     <NA) 

17.1        0.74 

CIU  ORIDE 

(CD 

7.0 

O.OA 

POTASS  UIM   <K) 

1.1        0.03 

SULFATE 

(Sn4) 

770C. 

1A0.3  3 

IRON        (FF) 

944.        50. 7i 

NITRATE 

(AS  N) 

1  .70 

0.  12 

MANOANFSF  <MN) 

7.84      0.10 

FLUORIDE 

(F) 

0.A7 

SU  ICA   <SI07) 

1  1  A  .  0 

PHOSPMATE  TOT 

(AS  P; 

TOTAL  CATIONS 

81  .79 

TOTAL 

ANIONS 

1  A 1  .  1  7 

STANDARD  DFVIATION  OF  ANIONCAT] 

[ON  RALANCF 

(SIGMA) 

LABORATORY  PH      7.77 
FIELD  WATER  TEMPERATURE      3.1  ( 
CALCULATED  DISSOLVED  SOLIDS 
SUM  OF  DISS.  CONSTITUENT 
LAD  SPEC.COND. (MICROMMOS/CM)   A710. 


TOTAL  HARDNESS  AS  CAC03   1511.1A 
TOTAL  AL  KA!.  INITY  AS  CAC03 

SODIUM  ADSORPTION  Fx^ATl!)      0.19 
RY7NAR  STABILITY  INDEX 
LANOLIFR  SATU'RATION  INDEX 


PARAMETER 

VALUE 

PARAMETER 

VAL  UE 

TEMPFRATUREr  AIR  (C) 

10 

.   C 

CNDUCTVY. FIELD  MICROMHOS 

R510. 

riEl  D  PH 

3. 

30 

ALUM  I  NUM.  TR  (MG/L  AS  AL. ) 

757. 

ARSFNIC.tr  (UO/L  as  AS) 

:2 

.  1 

IRON.TR  (MO/L  AS  FL) 

17]  0. 

seifnium.tr  (ug/l  as 

SE) 

.8 

ACIDITY, TOTCMG/L  •CAC03) 

A002. 

ALUMINUM.  DISS  (MG/L 

AL) 

579 

NICKEL. DISS  (MG/L  AS  N.I) 

5.10 

SILVER. DISS  (MG/L  AS 

AG) 

!02 

LEAD,  DISS   (MG/I.  AS  PD) 

X- .  0  4 

DORON  .DISS  (MG/L  AS 

P) 

.22 

STRONI  KJM.DISS  (MO/L •  SR) 

3  .  lA 

CADMIUM, DISS(MG/L  AS 

CD) 

.079 

TITANIliM  DIS(MG/L  AS  TI) 

.003 

CHROMIUM.  DISS  (MG/L- 

CR) 

1  C"  o 

VANADIUM. DISS(MG/L  AS  V) 

COPPER. DISS  (MG/L  AS 

CU) 

.  144 

■.'INC.  DISS   (."IG/L  AS  7N  ) 

'^1   =" 

LITHIUM. DISS (MG/L  AS 

L  I  ) 

.651 

7IRC0NIUM  DIS(MG/L  AS  ZR 

.OAl 

MOl  Y^iDFNUM.  DISS(MG/L 

-MO) 

.133 

ARSENIC. DISS (UG/L  AS  AS) 

SELENIUM.  DISS  (UG/L 

SE) 

remarks:  water  TURPID  filters  CL EAR*0RGANTC  matter:  al-  hydroxide  IN  riLTERATE  > 
SAMPLE  TAKEN  AT  ADIT  MOU IH    ADOVE  SAND  COUI  EE  LANDFILL  * 
lap:  150.0  TOTAL  CATION  MEQVS.  7.95  SIGMA.  EST  i\i     4  R  MG/I.  * 


explanation:  mg/l 


MILL IFQJIVELENTS  PER  LITER. 
ESTIMATED.  (R)  ^    REPORTED. 


MILLIGRAMS  PER  TITER.  UG/l 


MICROGRAMS 


LITER,  MEQ/L 


FT  -  FEET.  Ml  =  METERS 
TR  =  TOTAL  RECOVERABLE. 


othtr  avaii  asie  data 
other  file  numbers: 

project: 

LAsr  EDIT  date: 

PROCESSING  program: 


QW   WA   S7   WI   OW   PW   AT 


79  APR  31 
F3  730P  V7 


(  11/.5/S1  ) 


cost: 

dy: 

printed: 


(M)  ^  MEAS!JRED. 
TOT  =  TOTAL. 

OTHER 


TP  »CLC 
77  MAY  03 


(E)  = 


PERCENT  MEQ/L.  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03   C03 
47.0  50.5  ?.i       0.1   0.0100.0   0.0   0.0 

note:   in  CORRESPONDENCE.  PLEASE  REFER  TO  LAD  NUMDFR:   FM  00057 


A-9 


MOMTAMrt    BIIRTAIJ    OF 
BUTTFIf  MONTANA       f/97 


MINITS    AMD    GFiOL.OGY 
01        (.A06)A?6-A10\ 


WATER    QUALITY    AMAl.Yr.IG 
LAP    NO.     fJ0n2:^19 


.t.t  iniO'4/. 

0    t-^,nA570 

ORf.AT    FAIL 


COUNTY 

W     SITf  LOCATION 

MRMG  CirC 

;  7  1     STATION  ID 

*   GAMPS-F  GOURCF 

i_ANn  suRFArr    altttuhf 

GUGTAINFP  YIG.I.  n 

YIFLti  MFAF,  ML"!  HOD 

TOTAL.  HFPTH  OF  UFL  L 

GWL  AJ.:OVF<  •)  OU    FEL  OW  OG 

CAGING  niAMFTFn; 

CAGING  TYPE 

COMPLETION  TYPE 

PERFOFxATION  INTERVAL 


SAMPLING  GITF  GAND  COULEE  MINING  DI GTRI  CT«NO  NAME  CREEK- 
GEOLOGIC  GOURCE  MORRIGOM  FORMATION 


GTAIE 

MONTANA 

LATITUDE-LONGITUPE 

47D23':!4*N 

UTM  COORPIMATEG 

■/.i?    NS;^40A7 

TOPOGRAPHIC  MAP 

SOUTflEAGT  G 

GEOLOGIC  GOURCE 

22IMRGN* 

DRAINAGE  DAG  IN 

DD 

AGENCY  -F  GAMPLER 

MDMG*.)JD 

DO(TLE  NUMDER 

AG  04 

DATE  GAMPLEP 

?0  GEP  GO 

TIME  SAMPLED 

t?:00  HOUKT. 

LAD  i     ANAL.YGT 

M»MG*FNA 

DATE  ANALYZED 

0?  MAR- 01 

GAMPL.E  HANDLING 

A120 

METHOD  SAMPLED 

GRAD 

UATER  UGF 

UNUSED 

CASCADE 

19N   4E  .14  DIi 

AG  04 

4  7?:r34ini04A 

MINE  DRAINAGE 
3S40.   EL  : 


on  i 

01 

so 


CAL  CIUM 

MAGNESIUM 

GODKJM 

POTASSIUM 

IRON 

MANGANESE 

SIL.CCA   (i 


(CA) 
(MG) 
<NA) 
(K) 
<FE) 
(MN) 
102) 


MG/L 
171  . 
.13,1. 
2  3.5 
4.4 
436. 
1.A3 
S4.5 


TOTAL  CATIONS 


MER/L 
I?.  S3 
10.94 
I  .02 
0.11 
23.42 
O.OA 


44.09 


BICARBONATE 

CARBONATE 

CHLORIDE 

SULFATE 

NITRATE 

FLUORIDE 


<HC03) 

<C03) 

(CD 

(S04) 

(AS  N) 

(E) 


MG/L 


4.9 
3f5A0. 

•:,02 

3  .  3  .1 


MER/L 


0.  14 

74.  12 


PHOSPHATE  TOT  (AS  P) 


TOTAL  ANIONS 


ITANDARD  DEVIATION  OF  ANION  CATION  BALANCE 


(SIGMA) 


LADORATORY  PH 

FIELD  UATER  TEMPERATURE 

CALCULATED  DISSOLVTD  SOLIDS 

SUM  OF  PISS.  CONSTITUENT 

LAB  SPEC.COND. ( MICROMMOG/CM ) 


TEMPE 
FIELD 
NICKE 
LEAD. 
GTRON 
TITAN 
VANAD 
ZINC. 
ZIRCO 
ARSEN 
GEL  EN 


RA 

r. 
(■ 

L  t 

in 

TI 
lU 
lU 
DI 
NI 
IC 
lU 


PAR 

TUR 

H 

D I  G 

SG 

UM, 

M  D 

M»D 

SS 

UM 

.DI 

M, 


AMETER 
F  .  AT  R 


(C) 


S  (MG/L  A 

(MG/L.  AG  P 
DIGG  (MG/L- 
IS  (MG/L.  AS 
ISS(MG/L  AS 
(MG/L.  AS  7. 
DIS(MG/L  AS 
SS(UG/L  AG 
DISS  (L'G/L  • 


NI  ) 
B) 
SR) 
TI) 

V) 
N> 

ZR 
AS) 
SE) 


3A30. 

VAL  UE 
14.   C 
3.G4 
2.10 
<,0A 
1.02 
,0S2 
.14 
(?.34 
.020 
40.5 


,04     TOTAL  HARDNESS  AS 

,0  C  TOTAL.  ALKALINITY  AS 

SODIUM  ADSORF'TION 

RYZNAR  STABILITY 

L ANGL lER  SATURATION 


CACn3 
CAC03 
RATIO 
INDEX 
INDEX 


CNDUC 
ALUMI 
SIEVE 
SORON 
CADMI 
CHROM 
COPPE 
LITHI 
MOL  YB 
MERCU 
ACJDI 


PARA 
TVY.FI 
NUM.  D 
R.DISS 
.DISS 
UM.DIS 
lUM,  D 
R.DISS 
UM.DIS 
DENUM. 
RY.DIS 
TY»TOT 


METER 

rLD  M 

ISG  ( 

(MG/ 

(MG/ 

S(MG/ 

ISG  ( 

(MG/ 

S  (  MG/ 

DISS( 

S(UG/ 

(MG/L 


ICRC 
MG/L 
L  AS 
L  AG 
L  AS 
MG/L. 
L  AS 
L  AS 
MG/L 
I.  AS 
■  CAC 


MHOS 

■AL) 
AG) 
B) 
CD) 

•CR) 

CM) 

L.I) 

•MO) 

HG) 

03) 


0.  17 
74.4  3 

974.42 
0.33 


VALUE 
3329. 
243. 

;.  002 
.07 
.027 
.064 
.041 

cr  T 
♦  *>  / 

.03 
C'.OZ 
;077. 


remarks;  water  is  turbid  -  milky   becomes  orange  upon  reaching  creek  * 
kate's  coulee  at  mine  adit  (site  as-04)  *  above  olson  hol'se  * 
sample  taken  at  top  pool.  outside  adit  ••  flow  just  bel.ou  * 

lab:  HI=^9.1  MG/L,  SIGMA  5.54.  TOTAL  CATION  MEDVS/L  52  * 


EXPLANATION?   MG/L  =  M  IL.I.  IGRAMG  PER  LITER.  UG/L 


MICROGRAMS  PER  LITER,  MEQ/L 


MIL!.  lEOUIVELENTG  PER  LITER 
ESTIMAiFD,  (R)  -^  REPORTED. 


other  avaii  abie  data 
other  file  numbergj 

project: 

LAST  EDIT  date: 

PROCESSING  program: 


FT  -^  FEET,  MT  ^-    MK  TERS 
TR  -^  TOTAL.  RECOVERABLE. 

QU       WA   S2   WI   OW   PW   AT 


04-MAY  131 

fM730P  V2  (11/3/01) 


cost: 

BY  * 

printed: 


(M)  -  MEASURED,  (F) 
TOT  -  TOTAL 

OTHER 


TP  *CLC 
27  MAY  03 


PERCENT  MEQ/L.  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03 
4  1.4  53.1   5.0   0.5   0.2  99.0   0.0 


C03 
0.0 


note:   in  CORRESPONDENCE,  PLEASE  REFER  TO  LAB  NUMBER:   0002319 


A-10 


rtONTAf.'A    BtJRFAU 
BUTTr»MONTANA 


or    MINTS    AND    GFOl nOY 
S?701        (  40^.  )4?6    410r 


UATTR    aUALIlY    ANAIYSIC 
LAt    un.     BlROOf.O 


STATF 

MDNIANA 

r.OCNTY 

CASCADE 

LATITlJOr-L  ONOITUnr 

4  7D?3' 34 'N 

'  t  M  D  1  f 

:'<i3'U     SITF 

1 OCATION 

19N   4K 

14  DDCD 

UTM  rnoR 

niNATrn 

71?  Nhr'JBAOO  r-'.G.' 

,505 

Mr;MG  SITF 

AS  04 

TOFOnRAFIHC  MAP 

SOUTHK  Ar,T 

GRFAT  FALLS  7  1      S 

TAT  ION  ir: 

47233411 

1 104301 

Grni nntr 

r.niiRCF 

771MRGN* 

« 

«   SAMP 

LF  SOtiRCr 

MINT  DRr: 

ilNAGE 

IiRAINAOr  hfrZJH 

i:n 

1  ANii  stnvr^.sF 

AL  TITIJIiF 

35A0. 

FT  ;  50 

AGFNfY  + 

SAMPl.  CR 

MrtMG».)JD 

StJST.-MNFn  YirLD 

DOTTir 

NIJMPFR 

AS  04 

YICI  D  M> 

AS  MFTHOn 

DATT 

r.AMPL  Fn 

03  MAR  81 

TOTAl   riFPTH  or  UIFLL 

TIME 

SAMPLED 

ce:30  HniJK; 

;s    sy!  .".r.nvf  (    )   or 

BELOW  OS 

LAB  4 

ANALYST 

MFlMGtFNA 

CASING 

niAMFTER 

DATf  ANALY/rn 

?2    APR  81 

CA 

SING  TYPE 

3AMri.F  H 

ANni  ING 

41  20 

COMPLF 

TION  TYPE 

* 

MCTMOri 

SAMPi  rn 

ORAI: 

PFRFOPATION 

XNTFRVAL 

UATFR  IJSr 

DNLISFD 

GAMPI  TNP  STTF 

STOGNFTT 

SAND  CniJI.  FF  MINING 

DISTRICT 

GFOl GGIC 

GOURCF 

MORRISON  FORMATION 

MG/L 

MCQ/L 

MG/i 

MFQ/L 

CAt  r.  riJM 

iCA) 

1A7. 

S,A3 

.^iGARrtoNATr: 

(HCOZ) 

MAGNTSIUM 

<MG) 

130. 

11  .35 

LARBONATF 

(C03) 

son  urn 

(NA) 

??,6 

0.90 

oHioRrnc 

iCL) 

5.3 

0.15 

POTATSAV.n 

(K) 

4.7 

0.12 

SiJLFATF 

(S04) 

t>  #L  A.  X.  • 

<£.7.08 

IRON 

(FT.) 

4A6. 

25.03 

NITRATE 

(AS  N) 

.05 

O.Oi 

MANGANFSE 

(MN) 

1  .59 

O.OA 

FLiJORir;r 

(F) 

3.02 

0.1  A 

GU  ir.A   ( 

Gin2) 

51  .2 

PHOSPHATF  TOT 

CAS  P) 

TOTAL  r. 

ATIONf, 

45,90 

TOTAL 

ANIONS 

<i,7.45 

STANPARD  ntVIATION  llF  ANION-  CATI 

:0N  RAI.  ANCF 

(SIGMA) 

LAPORATORY    PH 

Finn  UATFR   rn.MPt'RATijRr 

CALCULATED  DISSOLVED  SOLIDS 

GUM  OF  DISS.  CONSTIiUFNT 

LAD  SPEC.COND. ( M I CROMMOS/CM ) 


3, 

1  1  , 


35  7  3 


00 
0  ! 


TEMP 

FTFL 

IRON 

ARSF 

ALUM 

G  r  L  V 

DORS 

CADM 

CHRO 

COPP 

LITU 

MOLY 

SELF 


P 
FRAT 
n  PU 
.TR 
NIC. 
INUK 

f  R.n 

N  f  D 

Il!M, 
MIUM 

i  R  f  n 

IUM» 
DDFN 
NIUM 


ARAMFTER 
UREr  AIR 


(MG/ 
TR  ( 
.  DT 


.  DT 
ISS 
DISS 
UM.D 
.  DI 


L  AS 

UG/L 

SS  (M 

(MG/l 

(MG/L 

(MG/L 

SS  (M 

(MG/L 

(MG/L 

ISS(M 

SS  (U 


(C) 
FE) 


AS  AG) 


G/L- 
AS 
AS 
AS 

C/L  • 
AS 
AS 

G/L  ■ 

G/L  • 


AL) 

AG) 

B) 

CD) 

CR) 

CU) 

LI  ) 

MO) 

SF) 


VALUE 

8.   C 
3  .90 

1  .5i 
41.1 
248. 

.023 

.24 

.027 

.0<f.7 

.02A 

cc- 
»  1J  w* 

.  19 
.4 


TOTAL  HARDNESS  AS  CAC03 

990.00 

TOTAL  ALKAI.  INTTY  AS  CAC03 

SODIUM  ADSORPTION  RAITO 

0.31 

RY7NAR  STABILITY  INDEX 

LANGLIFR  SATURATION  INDEX 

PARAMFTER 

VALUE 

CNDUCTVY.FIEL  D  MTCROMHOS 

ALUMINUM?  TR  (MG/L.  AS  AL  ) 

45A. 

ACIDITY, TOT(MG/L  CACn3) 

2315. 

SELENIUM,  TR  (UG/I.  AS  SE) 

.4 

NICKFLfDISS  (MG/L  AS  NT) 

2.12 

LEAD,  DISS   (MG/!.  AS  PB) 

•:.04 

STRONT  I  UM  ,  D  .1  SS  (  MG/L  -SR  ) 

1  .15 

TITANIUM  DIS(MG/I   AS  TI) 

.047 

VANADIUM, DISS (MG/L  AS  V) 

.lAO 

ZINC, DISS   (MG/L  AS  7N) 

3.19 

ZIRCONIUM  DTS(MG/L  AS  7R 

,050 

ARSENIC, DISS (UG/L  AS  AS) 

39.0 

remarks:  sample  clear   little  filtfratf  * 

sample  taken  at  mine  adit  above  j.  olson  home  * 
cold  uatfr  ijps  lrfam  s.c.-12aa  downstream  3013  * 

lab:  A7.1  CATION  MEnVS,.15  SIGMA,  32.9  MG/L  EST  Uf  * 
explanation:   MG/L  =  milligrams  rC.W    liter,  UG/L  =  micrograms  per  liter,  MEQ/I 


MIL L TEGUIVELENTS  PER  LITER 
ESTIMATED,  (R)  ^  REPORTED. 


FT 
TR     : 


■■    FEET,     MI     =    METERS. 
TOTAL     RFCOVERABir. 


QU 


UA       S2       WI       OW       PW 


AT 


OTHER    AVAIlA.firF     DATA 

other  file  numbers: 

pro.jkct: 

last  :.dit  date: 

PROCESSING  program: 


"^  V  A  P  R  3  1 

F1730P  V2  (H/3/Rl) 


cost: 

^  Y  * 

printed: 


PERCENT  MEQ/L  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03 
40.4  54.3   4.7   O.A   0.2  79.0   0,0 


(M)  --    MLASURED,  (E)  = 
TOT  =  TOTAL. 

OTHER 


TP  »CLC 
27  MAY  -83 


CO  3 
0.0 


note:    in  CORRrSPONUENCF,  PLEASE  RFFER  TO  LAD  NUM>:FR:   0  100050 


A-11 


MONTANA    rMJRFAIJ 
rUJTrr,  MONTANA 


or    MINTS    AND    Cmi.  ORY 
57701        (40A)  17A  -4101 


UATFR    RIJAI.  TIY    ANALYPIC 
LAS    NO.     fJiQlOfl? 


LAM  lUnr-LONR 

UTM    rODRDI 

TOPORRAPHI 

CLOLOGIC  S 

DRAINAGir 

ACTNCY  I  SA 

DOTTI.r  N 

DATT  J^A 

TIM.T  r>A 

LAF:  f  AN 

DATT  ANA 

GAMPLT  KAN 

MEiTHnn  r,A 

WATT 


ST 

IT 

NA 

C 

OIJ 

SA 

MF- 

DM 

MP 

Mr 

Al. 

I.  Y 

DL 

Mr 


ATT 

Trs 

MAP- 

ncz 

^IN 
LER 

Br-  r. 
•:.  A 

I.  ri! 

i.rn 

YJ^T 
7ED 
ING 

i..rri 
ijsr 


MON 

4  7ri 

71? 

sou 
??.t 

MEM 
A^O 
15 
1  it 
MPM 

4  "^r 

RRA 
UNU 


TAN 
?  J  ' 
NS 
THIT 
MRS 

G*A 
4 

JUL 
00 

G*r 

0 
D 


A 

;m  •  N  1 1  1  n  1  0  M  A 
24CA70  F.4BA!v70 
AST  RRfiAT  TALI. 
N»         » 


PM 


•01 

MOURJ 
NA 


GUL 


COUNTY 

'U     3IT!r  LOCATION 

MEMO  ?;ITE 

;  7  1     STATION  in 

*     SAMPi.  r   snjjRcr 

LAND    SURTACE:    ALTITUDv^ 

SUSTAJNrn    YlflLfi 

YIFt.n    MiTAS    MtTTHOr: 

TOT  A!.     DFPTH    OT    Un.  L 

ARnvr(  •  )  OR  P^LOU  GG 

CASING  PIAMrTFjr; 

CASING  TYPC 

COMfM.  FTION    TYPF: 

P^RrORATION     INTiTRVAL 


CASCADf: 

17N  0  4.T   14  nncn 

AS04 

47?33411  1104601 
MINE    DF^•AINAGf: 
7,540.        TT     .:    50 


SAMPLING    SITf:    SAND    COULTF    MINING    DISTFsICT*ND    NAME    CFxTFK 

ge:ologxc  snuRcr  morrisom  tormatidn 


CAI.  niUM 

MAGNESIUM 

SODIUM 

POTASSIUM 

IRON 

MANGANESE 

Sri.ICA   ( 


(C 

(M 

<N 

< 

<M 

il 


A) 
G) 
A) 
K) 
D 
N) 


) 
TOTAL  CATIONS 


MG/L 

IvSl  . 

1  IB. 
17.7 
1  .<f. 
5AC. 
?.00 
.S2.1 


MEQ/L 
3.03 


V 

0 

0 

:^o 

0 


71 

■  /  / 

04 
51 
07 


RICAR30NAT.T 

CARPONATE 

cm. OR  IPC 

SULFATE 

NITRATE 

FLUORIDE 

PHOSPHAT.T  TO^ 


(MC03) 
(C03> 

(S04) 

(AS  N) 

(F) 

(AS  P) 


MG/L 


.0 

.0 
9.  1 
?,. 

.7,7. 
3.57 


49.14 


TOTAL  ANIONS 


MHQ/L 


0.26 

60.75 

0.02 

0.191 


61.7? 


GTANDARD  JlfVIATION  OF  ANION-CATION  SALANCT 


(SIGMA) 


LABORATORY    PU  3.63 

in.D    WAT^R    TFiMPffRATURC  13.7 


CALCULATED    DII 


VED    SOLIDS 


LAI: 


SUM    OF    DISS.     CONSTIiU!:NT 
SPECCOND.  (MICROMHOS/CM) 


TEM 

riF 

NIC 
LEA 
STR 
TIT 
VAN 
ZIN 
ZIR 
IRO 
ALU 


PE 

i.n 

KE 
D. 
ON 
AN 
AD 
C» 
CO 
N, 
MI 


RA 


TI 
lU 
lU 
PT 
NI 
TR 
NL! 


PAR 

TUR 

H 

DIS 

SS 

UMf 

M  n 

M,D 

»■>  O 

UM 

(M 
M,T 


AMCTER 
E  ,  A I R 


(C> 


S  (MG/L  AS  NT) 
(MG/1..  AS  PB) 

DISS  (MC/LSR> 

IS (MG/L  AS  TI) 

ISS(MG/L  AS  V) 
(MG/I..  AS  7N) 

DIS (MG/L  AS  7R 

G/L  AS  FE) 

R  (MG/L  AG  AL) 


3337. 

VALUE 
22.   C 
3.05 
3.27 
;'.04 
.06 
.030 
.15 
13.6 
:;.004 


34R. 


TOTAL  HARDNESS  AS 
TOTAL  ALKALINITY  AS 

SODIUM  ADSORPTION 

RYZNAR  STABILITY 

LANGLIER  SATURATION 


CAC03 

CA  r*  r»  -T 

RATIO 
INDEX 
INDEX 


CND 
ALU 
SIL 
POR 
CAD 
CHR 
COP 
LIT 
MOL 
SCL 
AC  I 


UCTV 
MINU 
VER. 
ON  , 
MJUM 
OMIU 
PER» 
HIUM 
YDDE 
EMIU 
DITY 


PARA 
YfFI 
M»  D 
DISS 
DISS 
»  D 1  S 
M,  D 
DISS 
»DIS 
NUM, 
M»TR 
.TOT 


MFTE 

ELD 

ISS 

(MG 

(MG 
S(MG 
ISS 

(MG 
S(MG 
DISS 

(UG 
(MG/ 


R 

MICROM 
(MG/L 
/L  AS 
/L  AS 
/L  AS 
(MG/L 
/L  AS 
/L  A3 
(MG/L • 


HOS 

AL) 

AG) 

B) 

CD) 

CR) 

CU) 

LI) 

MO) 

SE) 


L ■ CAC0  3) 


007.71 
0.26 


VALUE 
32f34. 
346. 

:;.0C2 
.25 
.074 
.  17 
.20 
.41 
<.02 
1  .0 
1970. 


REMARKS  J  UATFR  CLEAR  BUT  GASSY  UPON  FILTRATION 

KATE'S  COULEE  AT  MINE  ADIT  *  SITE  AS-04  *  ADOVE  OLSON  HOUSE  * 
SAM PI  F  FROM  ADIT  MOUTH 
lad:  hi  '39l'6'3'  MG/L  GIVEs'57.9  MEO  CATIONS  GIVES  3.3  SIGMA 

explanation:  mg/l  =  milligrams  pf:r  l.itf:r»  ug/i  =  micrograms  per  liter^  mfg 
milliecjuivelents  per  liter.  ft  ^-   feet,  mt  =  meters.   (m)  ^  measuredf  (e)  = 

estimated,     (R)     =    RrrPORTED,        TR    ^-     TOTAL    REC0V!::RAPI..E  .        TOT    =    TOTAL. 


other  availaple  data 
other  file  numbers: 

project: 

LAST  EDIT  date: 

PROCESSING  program: 


QU   WA   : 
Y 
G002319 


WI   OW   PU 
01Q005G 


AT 


cost; 

19-FEB  02  by; 

ri730P  V2  (11/3/01)   printed; 


PERCENT  MEQ/L  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CI..   S04  HC03 
4  3.352.3   4.2   0.2   0.499.6   0.0 


OTHER 


TP  «JKS 
27  MAY  -83 


C03 
0.0 


NOTr 


IN  CORRESPONDENCir,  PLEASE  REFER  TO  LAB  NUMBER:   81Q1087 


A-12 


MONTANA    PUREAIJ    Oh     nitr^7.    AND    Gt  (Jl  QGY 
BUTTT  rMONTANA       S9701        (<<0A)«9A     110; 


WATTR    CJtlAI    ITV     ANAlYSi; 
LAf:    NO.     OOOPirO 


LAI 


null 

UTM 

Tiirn 
Grni 

DRA 
ARENC 

ro 

n 

T 
LA 

riA 

GAhP 


r  I  n 
rnns; 

GRAP 

nr.  If 

I  NAT. 
Y     + 

TTi  r 

ATf 
IMF 
fi     I 
TF     A 
(.  I     M 
HOP 


ST 
NO  IT 
DIMA 
h'lr 

c^au 

F  t<A 
riAMF- 
NUM 
SAMP 
SAMP 
ANAL 
NALY 
AMPI 

<:amp 


ATf: 
unr 

Tf!> 
MAP 
RCF 

r.TN 

I  FR 
PFR 
L  FD 

Lrn 

YST 

;'F0 

INT. 
I  FD 


MC! 
47 


NT 

nr 

JM 


ANA 

3  '  3  1  •  N 

Nf.?105 

UFAf.T    GRFAT    FAI 

Rr,N» 


1  t  1 II  t  0  '  3 
VO    r4nAA?0 


FFi 

MRMGItJ.JD 

AS 

?0 

1.? 

Mr-! 

IR 


11 

GR 


;o 

NG 

F 

?0 

All 


CP    BO 
0    HOURf 
♦  FNA 
F )!    C 1 


COUNTY 
U  GTTF    LCGATION 

Mf:MG  G  rrr 

!G    7     1  GTAIION     in 

»       GAMPl F    GOURGF 

ANP    SDRFAf.T     ALTTTIUiF 

l^ATLR    :  I  0'^    KATC 

FLOW    MJAG     MFTH!)).! 

GIArr    GAGC 

GTRFAM    r/IAGF 

n:rPlH    TO    GAMPLC 

TOTA:      liFPlM    Of     UATKR 

GTRCAM    UiriTI! 


IVW  4}. 
AG-  0?5 
4;' ,73341 
GTRFAM 
iSlO. 
RO  . 
FGTIMATrr 


1 4  nriDG 

1103701 

FT     :    10 
GPM 


UATFR    IJGF    CNIJSED 


GAMPLTNG    GTTF     GAND    COtJLFF    MINING    OIGTRICTtNO    NAMF.    CRFrK 
DRAINAGE    BASIN    MISGOUKI    RIVFR    PrTUFCN    MARIAG    RIVCR    AND    LITTLr:    PRICMY    PC* 


CALCIUM 
MAGNFf.IIJM 

Goriii;M 

POTASSIUM 

IRON 

MANGANfr.r 


<GA) 
<MG) 
(NA) 
(K) 
<FF) 
(MN) 


Gil   ICA        (5102) 
TOTAL     CATIONS 


MG/L 

f,r.Q/l 

MG/L 

MCfI/1. 

iA7. 

0  .  A  7. 

SICARPONATt: 

(HC03) 

14J  . 

1 1  .  60 

CARF.-ONATK 

(C03) 

23.? 

1  .04 

CHLOKTO!: 

(CI.) 

6.0 

0.17 

-1 .  /, 

0 . 1  :■ 

GUI.  F ATF 

(G04> 

3  ISO. 

6fi .  fvO 

:'.R0. 

20  .  U 

NI  IRATi: 

(AG    N) 

^.03 

X  .63 

0.06 

FI.  uoRinr 

(F) 

3.2fi 

0.  17 

5G.0 

PHOSPHATf    TOr 

(AG    P) 

41  .  66 

TOTAL 

AMONG 

65.  ?2 

GFANDAR.O    .OEVIATION    OF    ANION    CAf  TON    .9AI..ANCr 


LAJErORATORY    PH 

riEL.D    WATr.-S     LFMPKRATLJRr 

CALCULATFI:  DIGGOLVFn  GOLIDG 

SL'M  or  niGG.  CONGTITUrNT 

LAF:  GPFC.CONn.  (  MICROMHOS/CM  ) 


1  p" 
14.  1 


3^j66. 


TC 
FI 
NT 
Lf 
GT 
TI 
VA 

T  T 

Zl 
AR 
GF 


MPFR 
Fl  D 
CKFL 

An.n 

RONT 
TANT 
NAni 
NT  ,  ri 
PC  ON 
GFNI 
I.  FN  I 


AT 
PU 
f  n 
IG 
TU 
UM 
UM 
TG 
lU 

r' 

U'M 


ARAMET.^R 
URF.  AIR 


(C> 


TGG  (MG/L  A 
G  (MG/I.  AG 
M.PTGG  (MG/ 
niG(MG/L  A 
»riSS(MG/L 
G  (MG/L  AG 
M  DIG (MG/L 
niGG(UG/L.  A 

,   DISS  (un/ 


NX) 

>r:) 

GR) 
TI  ) 

:  v) 

'N) 

;  7R 

AG) 
-SF) 


V 

L.IJF 

4 

.0    C 

3 

'  » 

42 

.OR 

:|^ 

.04 

4 

A 

.OB 

.0-1? 
.03  4 

0 

.36 

•  \J  y..  ,j 
-?   c 
/  »  u 

s'.3 


N    .9AI..ANCr           (GIGMA) 

TOTAL     MARDNFSG    AG 

CACG3 

1002.35 

rOTAL.    AL.KAL.INITY    AG 

CAC03 

GODTIJM    APGORPTION 

RATIO 

0.33 

KYZNAR    GTARiriTY 

INDfX 

lANGLTFR    GATURATION 

INIiFX 

PARAM.T  TCR 

va:  uc 

CNIiUGTVY,FIFl  n    MICROMMOG 

3352. 

ALUMINUM,     niGG     (MG/L 

AL  ) 

242. 

GIL  VFRr  J.iTGG     (MG/L     AG 

AG) 

C.002 

BORON     ,niGG     (MG/L    AG 

P) 

.  16 

CADMIUM,  J:  TGG  (MG/L     AG 

c;:i) 

.033 

chromii;m,    niGG    (mg/l 

CR) 

.040 

COPPFR, PTGG     (MG/L     AG 

CI.') 

,016 

L  TTHIUM,  niGG(MG/l.     AG 

LI) 

.55 

MOL  Y>;:J.iFN;;M,r:IGG(MG/L 

MO) 

C.C2 

«c;rcur Y ,  n  i gg  (  u'g/l    ag 

MG) 

AC  I n I TY, TOT (MG/L     CAr03) 

R.^MARKG:  UATE:R  IG  .-iRIRMT  ORANGC    BITCOMrG  PFFP  R.TP  UPON  RfACMING  CRFFK  * 

GAMPLF  TAKFN  AT  CONFI  UFNCF  OF  KATF'S  CVif.f.K    UTTM  NO  NAMF  CRFFK  FROM 
KATF'G  CR£:b:K  *  OUNF."^  RFPORTG  RAIN  CAUGFG  WHITF  PRFC  IP  I  TATt:  « 
lap:  m=J5.9  MG/L  *  15.0  MFOVS/L  ,  GIGMA   .46»  66.4  TOTAL  CATION  MFQVS/L  « 


explanation:   mg/l  ^  MILLIGRAMG  PFR  LITE.R,  UG/L  -■■    MICROGRAMG  PFR  I.  ITFR,  MrO/L 


MIL  ;  TFOUIVFLFNTG  PFR  LTTFR 
CSTIMAlFn,  <R)  ^  RFPORTLP. 


OTHTR  A^,'ATLABir  PATA 

otujr   file   numpfrs: 

project: 
LAGT  rniT  PArr: 

PROCFSGING  program: 


FT 


OU   WA 


04  MAY  Ql 
F1730P  V2 


^  FEFlf  MT  ^  MLTFRS. 
TOTAL.  RFCCVFRA.'^L.r. 


WT    OW   PU 


AT 


( 1 1/3/01  ) 


cost: 

PY : 

prtntfp: 


(M)  ^-    MLAGURED,  (E) 
TOT  -  TOIAL. 

OTHER 


fp  »CLC 
?7    MAY  R3 


NOTF 


PERCENT  MEG/L.  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   GC4  MC03   C03 
37.0  54.7   1.?   0.6   0 . 3  99 . 7   0.0   0.0 

IN  CORRESPONDENCE,  PLFASE  UY  f- U<    TO  LAP  NUMPER:   B0Q2320 


A-13 


rtO.S'TrtNA    PURTAl)    OT    MXNEiS    AND    r>(;:Ol.OGY 


DUTTflf  MONTANA 


'70:1 


(40A)49A    4101 


WATCR    OlJALIiY    ANAtYF^IO 
LAE    NO.     B1Q0057 


GTATT 

MOMTANA 

LATiTursr-i.  ONniTunr 

47ri?3'33"N 

1 1 1  n  1 0 ' 

3R'U 

UTH    COORDTMATrr, 

712    M52  1B,<,0S 

C'-irtAAOS 

TuroGRAriiin  map 

sniJTHrAr.T  grfat  fall?  7 

G5:0l.nr,TC     SOtJRCE 

* 

* 

DRAINAOr    r-tASIN 

PE: 

1 

A  Nil 

AGEiNCY     i     ?,A^PLF.R 

MnM(i*JJD 

nOTTI.  r    NUMFCR 

a::    05 

pate:  r;AMr-i..En 

03    MAR    81 

TiMi:  sAMPLrn 

09: 00    HOURS 

LAP     1     AN'AI.YST 

M3MG*FNA 

DATF    ANALYZFIi 

22    APR- SI 

TCTA 

SAMT'LT    HA.S'DL.I.S'G 

4120 

HETHCn    SAMPirr: 

GRAS 

COUNTY 

!vITr  LOCATION 

MBMG  KITF 

1     STATION  ID 

*   SAMFLF  GOURCF 

SIJRFACF    Al.TITUrsF 

WAIFR    FLOU    RATF 

FLOW    MFAS    MFTHOJ.: 

7.TAFF    GAGt: 

STRFAM    STAGF 

DFPTH    TO    SAMFLC 

I.     rsFPTM    OF    U'r'iTFR 

STRFAM  WinTII 


CAGCADC 

19N  ?F  14  rnnc 

A3-  05 

47233311 110380lf 

STRFAM 

3510.   FT  ;  1 
150.   GPM 
ESTIMATED 


UATFR  UGF  UNUSED 

SAMPLING  SITF  STOCKFTT  ••  SAND  COULFT  MINING  DISTRICT 
DRAINAGF  RASIN  MISSOURI  RIVER  DFTUFFN  MARIAS  RIVFR  AND  LITTI..F  PRICKl.Y 


MG/L 

CALCIUM           <CA) 

??.0 

MAGNFSIllM     (MG) 

79.4 

SODIUM              (NA) 

12.0 

POTASSIUM        (K) 

3.4 

IRON                   <FE) 

136. 

MANGANESE     (MN) 

.9 

SIL.ICA        <SI02) 

30.6 

TOTAL     CATIONS 

:q/l 

■1.94 
6.53 
0.56 


0 
7 

0, 


09 
99 

04 


DICARDONATF 

CARBONATT 

CHLORIDE 

SULFATE 

NITRATE 

FLUORIDE 

PHOSPHATF  T 


<HC03) 

(C03) 

(CD 

(SG4) 

(AS  N) 

(F) 

(AS  P) 


MG/L 


6.4 
2S54. 

.09 
2.63 


MFQ/L 


0.  IC 

^9.42 

0.01 

0.  14 


.  4L  »  .It 


TOTAL  ANIONS 


STANDARD  DEVIATION  OF  ANION  CATION  DAI..ANC! 


(SIGMA) 


LA 


TEM 
FIF 
IRO 
ARS 
ALU 
SIL 
DOR 
CAD 
CHR 
COP 
LIT 
MOL 
GEL 


LADORATORY  PM      2.89 
FIFLD  WATER  TFMPFRATURF     46.2 
CALCULATED  DISSOLVFD  SOLIDS 
SUM  OF  DISS.  COMSTITUFNT 
SPFC.COND. (MICROMMOS/CM)   3319. 


TOTAL  HARDNESS  AS 
TOTAL  ALKALINITY  AS 

SODIUM  ADSORPTION 

RY7NAR  STABILITY 

LANGLIFR  SATURATION 


CAC03 
CAC03 
RATIO 
INDFX 
INDEX 


PFRAT 
I.  D  PH 

I 


\RAM(;'TER 

;re.  air 


TR  ( 
I C  ,  T 
NUM» 
R  ,  f  1 1 
*DI 
UM  .  D 
lUMf 
R,DT 
UM  t  D 
DFNI! 
lUM. 


MG/L 
R  ( U 

DJS 
SS  ( 
SS  ( 
ISS( 

DIS 
SS  ( 
ISS( 
M.DI 

DIS 


G/L 

S  (M 

MG/L 

MG/L 

MG/I.. 

S  (M 

MG/L. 

MG/L 

SS(M 

S  (U 


(C) 

FF) 

AS  AG) 
G/L  -AL) 


VALUE 

O 

3.39 
192. 
14.4 


AS 
AS 
AS 


AG) 

D) 

CD) 


G/L • CR) 

AS  CU) 

AS  LI) 

G/l..-  MO) 

G/L  SE  ) 


.06 
.  17 
,03  4 
.063 
.050 
.305 

.3 


CN 
A!.. 
AC 
SF 
NI 
IF 
ST 
TI 
VA 
71 
71 
AR 


DU 
UM 
ID 

CK 
AD 
RO 
TA 
NA 
NC 
RC 


CT 
IN 
IT 
NI 
EL 
.D 
NT 
NI 


ON 
NI 


PAR 
V  Y  >  F 
UM»T 
Y»TO 
UM,  T 
,  n  I  S 
IGS 
lUM, 
UM  D 
UM.D 
ISS 
lUM 
CD  I 


AMFTFR 
IFLD  MI 
R  (MG/L 
T(MG/L 
R  (UG/L 
S  (MG/L 

(MG/L 
DISS  (M 
IS (MG/L 
ISS(MG/ 

(MG/L 
DIS(MG/ 
SS(UG/L 


CROM 

AS 
CACO 

AS 

AS 

AC    f^ 

no  r 

G/L  • 
AS 

I.  f-t  »v 

AS  7. 

L  AS 

AS 


MPS 

AL) 

3) 

SO 

N I  ) 

B) 

SR) 

TI) 

V) 
N) 

7R 
AS) 


574.01 
0.23 


VALUE 
3426. 


.4 
1  .22 
.  13 
.624 

•  \J  ^  <j 

.071 
4  .47 
■  085 
14.4 


remarks:  UATFR  is  ORANGF  ■  turbid  *  FF-HYDROXIDF  PRECIPITATE  * 

SAMPLE  FROM  DEL OU  CULVERT  ADOVF  JUNCTION  UITH  STRAIGHT  CREEK  *      i 

STRFAM  DRAINAGE  FROM  ACID  SPRING  AS  04  *  UPSTREAM  S.C.  5192  DOWN  4i; 

lad:  57.9  fATION  MFOVS ,  .95  SIGMA,  42.6  MG/L  EST  t\i     *  ' 

explanation:   MG/L.  -  milligrams  per  LITf.R,  UG/L  =  MICROGRAMS  PER  LITER,  MFQ/l 
MILL lEQUTVFLENTS  PER  LITER.   FT  =  FEET,  MT  -  MLTLRS.   (M)  ^  MEASURED.  (F)  = 


ESTIMATED,  (R) 


other  available  data 
other  file  numdfrs: 

project: 

LAST  FDir  date: 

PROCESSING  program: 


REPORTED,   TR  ^    TOTAL 
QU   WA   S2   WI 


RECOVERADI  f 

ou  ru      AT 


29- APR  81 
F1730P  V2 


(  1 1/J/Rl ) 


COST 
PRINTED 


I  u  T  —   I  U  I  I 
OTHER 


TP  *CLC 
27  MAY  03 


PERCENT  MEQ/L  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03 
40.3  53.9   4.6   0.7   0.3  99.7   0.0 


CO  3 

0.0 


note:   in  CORRESPONDENCE,  PLEASE  RFFK R  TO  LAD  NUMDER:   SI  00059 


A-14 


MOHTANA    PlJRrftlJ    OF    HINTS    AND    GFOIOGY 
DUT  iff  MONTANA       59701        (  <0/, )  496    4  1  0  1 


WATfR    OUAl  ny    ANAL  Yf.IC 
LAD    NO.     B0f723ri 


LATTTUnC- 

UTH   no 

TOrOCR 

Groi  00 

DRAIN 

AOTNCr 

DOTl 

DAT 

TIM 

LAB 

DATC 

GAMPL  f" 

METMO 


1  ONO 
ORDI 
API!! 

IC   r. 

AGF 
■f     SA 
IF    N 

r  r>A 

F     SA 

4     AN 

ANA 

MAN 

n  r,f\ 
uat; 


CTA 

TTU 
NAT 

n    M 

OUR 

MPL 
DMD 
MPl 
MFI 
Al  Y 
LY7 
Dl  I 
MPL 
R    (I 


TF 
IlF 
tT> 
AP 
CF 
IN 

rs 

EF< 
ED 
FD 
^T 
Ft 
NO 
Fr.i 
GF 


MONT 
'•,7r? 
712 
SOIJT 
.  .  A  n 

MP  MO 
AT,     0 

?o  r> 
\  A :  0 

MBMO 
to  F 
4  120 
OR  A  I: 
UNIIO 


ANA 


HF 
RS 

«J 
/, 

LP 
0 

tr 

Ft: 


f,?'N 
.2*.'?  .IS 
AOT    0 
N4tl  1  1 


U 


JD 

00 
HOIJRS 
NA 

01 


;  1 1  n  t  c  '  1 0 

0  F437175 
RFAT  FAI!.  r,  ; 
SPSK« 

LAND 


:uL 


FD 


r.ODNTY 
OITF    I  nCATlON 

m:<mg  ;^iTr 

r.TATION     III 

»     sam:^:  f   souRcr 
r,;jRFAr,F   r.i  TiTunp 
r;(jr>T.\iNFn  yh  i  r 

YIFI  D    MFAr>    MFTHOD 

TOTAI      rirPIH    or    UTLL 

A>.:OVK  (      )     OR    KFI.  01*'    OT. 

CASING    rilAMFTFR 

r AC  I NO    lYPF 

COMPIFTION  TYPF 

PFRFORATION  IN IFRVAI 


CAGCADC 

ivN  n  i.^  cAr.n 

AG  Oi 

V721S91 1 1 10  1001 
MINT    nRAINAGC 
.J50C.        FT  SO 


CAMPLING     CITF     CANH     COIJI  I  I      MfMN.S     U  T  C  TR  I ;:  1  « NO    NAMJ.     I'Kf.r.J, 
GCOIOCIC    COIIRCF    MORRISON    FORMATION 


MG/L 

CAI  CIIIM  (CA)  A2.0 

MAONFSiuM   ;mg)  sa.o 

COnn;M  <NA)  1R.2 

POTACSIIJM        (K)  2.4 

IRON  <FF)  74.1 

MANOANFCF     < MN )  1.07 

CD   ICA        (CI02)  SO.  5 

TOTAL  CATIONC 


MFO/I. 

;i.09  .MCARPONAir 

7.31  CARDONATF 

0.79  CHI.  OR  I  DC 

0.0 A  Ci;i.  FATL 

3.90  HITRATC 

0.04  Fl.  IJORJDF 

PHOCPHATF  TOT  (AC  P) 

15.27  TOT A!   ANIONC 


MO, 'I 


MFC/L 


(HC03) 

(COD 

(CI.) 

0.21 

(004) 

lOAO. 

22.07 

(AC  N) 

.02 

0.00 

(F) 

2.40 

0.13 

.4  1 


LABORATORY  PH 

FTtl.  M  WATFR  TFMPFRATIJRF 

CALCIJLATFD  DICCOI.  VFD  SOI.  IDC 

SUM  OF  DISC.  CONSTIKiFNT 

LAD  SPFC.COND. ( M I CROMMOS/CM ) 


TFM 
FIF 
NIC 
LFA 
CTR 
TIT 
VAN 
ZIN 
ZIR 
ARC 
CCL 


PFR 

I  D 

NFL 

D,D 

ONT 

AMI 

AD  I 

CD 

CON 

FN  I 

FNI 


PA 
ATI) 
PM 
»DI 
ICC 
lUM 
IIM 
IJMf 
ISC 
I  IIM 
CD 
IJM. 


RAMf.TER 
RF.  AIR 


(C) 


CS  (MG/I  AS  NI) 

(MG/I.  AS  PD) 

f  DISS  (MO/I.  SR) 

D  IS  (MG/I..  AS  TI) 

DISC (MG/I  AC  V) 

(MG/L  AS  7N) 

DIS(MG/L  AS  7R 

ISS((iG/l..  AS  AS) 

DISS  (UG/L  SF) 


N I  ON  CAT  I 

ON  r-(A!  ANCF    (SIGMA) 

97 

TOTAL  HARDNFSS  AS 

CACfM 

S20.31 

10. 

4 

C  TOTAL.  ALKALINITY  AS 

CAC03 

SODIUM  ADSORPTION 

RATIO 

0.35 

RYZNAR  STABILIIY 

INDEX 

1000. 

\.  ANGL  JFR  SATURAT  lO.N" 

INDEX 

VALUE 

PARAMETER 

VALUE 

13.0  C 

CNDijmvY»r  iri.  d  micromhoc 

1701  . 

.<.02 

ALUMINUM*  DISC  (MG/L 

Al  ) 

A0.6 

.42 

OIL  VFRf  DISS  (MG/I.  AS 

AG) 

;.00  2 

;.04 

DORON  .DISC  (MG/L  AS 

D) 

,17 

.3A 

CADMIUM, DU;S(M(i/l  AS 

CD) 

.010 

.013 

chromii;m,  diss  (mg/l 

CR) 

.011 

.027 

COPPER. DISS  (MG/L  AS 

f;!-') 

.007 

.07 

L.XTHTI;M,  DISS  (MG/L  AS 

L.I) 

.35 

<.0C4 

MOL  YiiDENUM,lilSS(MO/L 

■•/,C) 

<.02 

16.9 

MERCURY.  r:ISS(i;G/L.  AS 

MS) 

1  .23 

.3 

ACIDITY, TOT (MG/L  CAC03) 

5A1  . 

remarks:  sample  clear   no  precipitate  * 

spring  discmarges  from  witmin  spoil  pile  in  front  of  adit  * 
adit  appearc  dry  * 
lad:  m=5.o  mg/i  *  4.9  mfqvs/l,  cigma  .09.  22.  s  total  cation  meqvs/l  * 


ZXr-\   ANATION  t   MG/L 


milligrams  per  l  iter,  ug/l. 


micrograms  per  liter,  meg/l 


Mil  L  IFQUIVri  ENTS  PFR  LITER 
ESTIMATED.  (R)  ^  REPORTED. 


OTHER  AVAILABLE  DATA 
OTHER  FILE  NUMFFRS: 

PRO.iFCT: 
LAST  EDIT  date: 

PROCESSING  program: 


FT  ^    EFFT,  MT  =  METERS. 
TR  -  TOTAL  RECOVERABLE. 

QU   WA   S2   WI   OW  PU       AT 


Oi    MAY  01 

F17.$0P  VT:'  (  1  l/.i/Bl  ) 


COST 

PY 

PRINTED 


(K)  ^  MFASURFD. 
TOT  ^  TOTAL. 

OTHER 


TP  *CLC 
27  MAY  03 


(E)  = 


PERCENT  MEG/L   (FOR  PIPER  PLOT) 
CA    MC    NA     .\    CI    S04  MC03 
2  7  ,  5  A4 . 9   7.0   0 . S   J  . 0  99  .  0   0.0 

note:   in  correspondence,  pi  ease  refer  to  LAl:  NUMDFR 


C03 
0.0 


0002321 


A-15 


MONTANA  nURlTAi; 
CUT. T,  MONTANA 


or  Mil 
S9701 


;>  AMD  GF.OI.OGY 
(^0A)4?6  4101 


watp:r  odai., ity  analyst; 

LAI:    NfJ.     .'OOR?^?? 


G  T  A  T  IT 

LATITUDC-LnNGTTLirir 

UTM    COORDINATrS 

rOF-nGFvAPHJC    MAP 

crnLfinic  r.aiiRCfr 

LiRATNAGr    BASIN 
AGfTNCY    +    r-AMPLFR 

imTii. f:  numptr 

DATiT    r,AMI^'I..FTi 

TIML    nAMF^Lrr: 

LA."?    +     ANAL.YST 

riATF."    ANA!.  Y?F.D 

GANT-Lr    KANm.  I.S'G 

MEZrHCD    GAMF-I.  f.):: 

UATfIR    UGT 


MONTANA 

4  7D23'4R"N    11 

71?  NS747020 

SOiJIUF.AGT    GRT 

221MRGM*111SP 

m: 

Mr:Ml>»w'.Jri 

AG    07 

70    GtP-SO 

17:00    HOiJRG 

Mr:!M«*FNA 

IR  TFFi-  f)l 

1120 

GRAF! 

UNUGm 


1  n  1 0 

F4G69A0 
AT 


GWI. 


COUNTY 

CAGCADC 

,?0'W     SITC  1.  OGATION 

19N  At:     i;i  OF.: DC 

60                              MFtMG  GITF 

AG-  07 

1. 1.  G  7  1     STATION  ID 

47234C111  10,?001 

*   GAMPI.IT  GOUROF 

MINF  DRAINAGE 

LANl:  GtJRFACr  ALT  I  TlO.iF 

:ir>,?o.  f^    ■■:   50 

'.^OGTAFNFD  YIF.I.D 

YIFLFi  MFAG  MKTHOD 

TOTAL  riFPTH  OF  UFLL 

A}.:nur(  )  OR  riFLOU  OS 

CAGING  niAMFTFR 

CAGING  TYPr 

COMPLFTION  TYPF 

* 

PniRFOfCATION  INTERVAL 

GAMF-LING    GITF    GANIi    COULFF    MINING    niGTFvICTiCNO    NAMF    CRFFK 
GCOLOGIC    GOIJRCF    MORRIGON    FORMATION 

MFG/L  MG/L 


MG/I. 

CALCKiM 

(CA> 

108. 

MAGNFGIUM 

(MG) 

100. 

GQ.niDM 

(NA) 

10.2 

PCTAGGIUM 

<K) 

.A 

IRON 

(Fir.) 

J.  004. 

MANGANFGF 

(MN) 

4.45 

GII..ICA   (GI02.> 

120.0 

MFO/L 


TOTAL     CATIONS 

STANDARD    DFVIATION    OF    A 

LAF.!ORATOF>Y    Pf) 

ril.".!.)::    UAFFR    TFMPFRATIJRF 

CALCL'L  ATFF:    DISS0LVF:D    SOLIDS 

G!:M    of    diss.     CONGTITULNT 

LAF:    SPFC.CCNFi.  (  M  ICROMHOS/CM  ) 

PARAMFTFR 
TEMPFRATIJRFr     AIR     (C) 

NICKFl',  DISS  (MG/I.  AS  NI) 
LFAn»DIGG  (MG/L  AG  P?.) 
STRONT  T  LIM  ,  D I  SS  (  MG/L  -SR  ) 
TITANIUM  DIG(MG/!..  AG  TI) 
VANADI!JM*r;TSS(MG/L  AS  V) 
ZINC.DIGG  (MG/L  AG  7N) 
ZIRCONIUM  DIG(MG/L  AG  7R 
ARGFNIC>niGG(L'G/L  AG  AS) 
GCI.  FNIUM,     DISS     (OG/LSF) 


7., 10 

I:UCAR50NATF    (HC03) 

14.01 

CARFIONATK.        (003) 

0.77 

CHLORIDE          (CD 

4 

1      0,12 

0.02 

SULFATF          (S04) 

7740. 

165.31 

!^;  .-^ .  7  7, 

NITRATE         (AG  N) 

• 

02     0,00 

0.  lA 

Fl.  IJORIDF           (F) 
PHOGPHATF  TOT  (AG  P> 

/  • 

2      0,38 

77.  07 

TOTAL  ANIONS 

165. Rl 

NICN  CATION  BALANCF    (SIGMA) 

2.5?     TOTAL  HARDNt:SS  AS 

CAC03 

1210. 32 

11  ..7 

C  TOTAL.  AL.^^■AL  INITY  AG 

CAC03 

GODIIJM  ADSORPTION 

RATIO 

0.23 

RY7NAR  GTABIL ITY 

INDEX 

A230. 

1.  A  N  G  L  I F.  R  S  A  T  t  J  R  A  T  I  0  N 

INDEX 

VAI..IJC 

PARAMETER 

VALUE 

13,0  C 

CNDlJCT'v'Y,  FIELD  MICROMHOS 

6362. 

-\   "TO 

ALUMINUM,  DISS  (MG/L.- 

-AL) 

S.I    O  \.t      » 

3.50 

GILyFR»DISS  (MG/L  AS 

AG) 

.007 

<.04 

BORON  ,DIGG  (MG/L  AG 

B) 

.10 

.1  .  ]  A 

CADMIUM. DISG( MG/L  AS 

CD  ) 

,034 

.050 

CHROMIUM,  DIGG  (MG/L- 

CR) 

■a  -t 
>  ^  t 

.25 

CCPPERfJ.MSS  (MG/L  AS 

C[}) 

.37 

13.6 

LI  rHIUM,r!lGG(MG/L  AG 

LI) 

•  OO 

.0A7 

MOL  YF.'DFNUM,  DISS  (MG/L 

-MO) 

,  02 

77.6 

MERCURY,  DIGG((;G/L  AG 

\iG) 

.04 

2.  1 

ACIDITY, TOT (MG/L  -CAC03) 

5175. 

remar.-^g;  clear  water 

spring  rises  from  witflin  gpoil  pile  just  sw  of  mine  adii   south  of 
sand  coulee  *  trickle  from  adit  discharge  * 

lad:  HL=2R.l  MG/L  *  27,7  MEOVS/L  *  SIGMA  15.5,  120.0  TO!AL  CATION  MEOVS/I 


explanation;  mg/l 


MILLIGRAMS  PER  LITER,  UG/L. 


CROGRAMG 


ITER,  MEG/ 


MILL  lEOUIVELENTS 
EGflMATED,  (R)  ^■ 


PER  LITER. 
REPORTED. 


FT  ^    FEET,  MT  ^  MLTERG. 
•R  =  TOTAL.  RECOVERA.SL.L. 

QU   WA   G2   Iv'I   OU   PU   AT 


OTHER  AVAILABLE  DATA 
OTFIER  FILE  NUMBERS: 


PROJECT 

LAST  EDIT  DATE 

PROCESGING  PROGRAM 


04- MAY  01 
E1730P  V2 


\  .1  A  /  » >  /  <*  \     / 


cost: 

BY ; 

printed: 


(M)  --^  MEASURKD. 
rOT  ^  TOTAL.. 

OTHER 


-^T-    *CLC 
27  MAY  R3 


(F  ) 


PERCF.NT  MEO/L  (FOR  PIPER  PLOT) 

CA    MG    NA     K    OL   SC4  HC03 

',5  57,2   3,2   0.1   0.1  77.7   0.0 


C03 
0.0 


note:   in  correspondence,  fmease  refer  to  lab  number:  8OR23; 


A-16 


noNTAHA   niikrAiJ   or 

MINTS    AND    r.FntOGY 

WATFR    OUAI.  ITY 

ANALYSIS 

DUTTr  .MONTANA       5,9701        IA0/,)A9/. 

^iOl 

I. AD  NO.    oon?3; 

•3 

GTAFE- 

MONTANA 

COUNTY 

CASCADC 

LATiTijDr-i.nNT.iTunr 

'•,71,110'  V,"N     1  1 

1  D  t  1  '  0  9  •  W 

SITF    1.  OGATION 

ifjM     n.    14  Acrr 

uTh  rmiRnrNAiFn 

71?    Nh?.77770 

r4fi5?<C 

MriMG    SITF 

BS    01 

TornGRAFHin  map 

SPRING    nniji  FK 

7     l/P' 

STATION     II: 

1710471 1 1 1 10901 

GFoi.  nnic  soiJRcc 

r?iMxr,N» 

4: 

«       SAttPlF    SOURCr 

MINF    DRAINAGC 

DRAINACr    FtA'JIN 

T^^. 

I  AND 

SURF  AGF    Al.  ^  i  ISJML 

-lOAO.        f  T      .10 

Ar.FHCY   *    nAttPr  k  R 

Mr-iMG»JJD 

SlIST/MNFD    Yin  p 

DOTH.  F     NUM>:FR 

r?  01 

riFI  D    M».  AS    MJITHOD 

DATF    GAMP!  m 

2  0  ;>FP  no 

TOTAL     nFPTM    OF    Uf L L 

TTM>:    SAtirLrn 

tS:00    HOURS 

r,wi     A>.OV 

;f(  •)   OR  f.rrov,'  ge 

LAB     i     ANAL  y?,T 

M::tMG»rNA 

CASING    niAMFTCR 

DATF    ANAI.  Y/FT: 

10    FFB- Bi 

CASING    TYPF 

CAMn  r    MAMlll   ING 

4120 

COMr-l.  FT  ION    TYPF 

« 

METHOn    r,AMPLFn 

GRAI: 

PFRFORATTON     I,\'IFRVAL 

UAFFR    (ISr 

UNUSFD 

SAMPl  TNG  STTF  SAND  rOL'l.  Ft"  f.lNlNG  DISTRICTING  FTVF 
GFO! OGIC  SOURCF  MORRISON  FORMATION 


CRFf.  U 


magnfsii;m 

SODIUM 

potassium 

IRON 
MANGANESF 


(  CA) 
;MG) 
(NA) 
(K) 
(FZ) 
<MN> 


It  rCA   (Sin2) 
TOTAL  CATIONf 


MG/L 

121  . 
4  1  .  A 
14.7 

O  •  w 
\t   *      •   %J 

.2': 

20.6 


MFO/I. 
A .  C  4 
3.42 
O.AS 


MS /I. 


0, 
0, 


15 
01 


PISARl^ONATF 

CARDONATK 

CHI.  OR  IDC 

SUI  FATF 

NITRATF 

Fl  UORIDF 

PHOSPHAK; 


13./,.1 


TOT 
TOTAL 


(UC0  3) 

<no3) 

<CL) 

(S04) 

(AS  N) 

(F) 

(AS  P) 

ANIONS 


J. 5 

to. 

':,02 

1.05 


MFR/L 

0.  10 
11  .41 

0.  06 
1 1  .  5A 


STANDARD  DFVIATION  OF  ANTON  CATION  DAI.  ANCF 


(SIGMA) 


LA>.:ORATnRY  PM 

FIELD  UATFR  rEMPSIRATURF 

CALr!Jt.ATFD  DISSOI.  VFD  SOI.  IDS 

SUM  OF  DISS.  GONSTITUtfNT 

LAI:  SPFG.COND.  (  MI  CROMHOS/CM  ) 


3..i: 


to: 


TCMP 
FIFL 
NICK 
LFAD 
3TR0 
TTTA 
VANA 
ZINC 
ZIRC 
ARSF 
SELL' 


P 
ERAT 
D  PH 
F I  f  D 
.DIS 
NTIU 
NIUM 
DIUM 
.DIS 
ONIU 
NIC. 
NIUM 


ARAMETER 
LIRE.  AIR 


(G> 


ISS  (MG/I.  AS  NT) 
5  CMG/L  AS  PP) 
M.DISS  (MG/I.  SR) 
DIS (MG/L  AS  TI) 
.DISS (MG/L  AS  V) 
S  <MG/L  AS  .^N) 
M  DIS(MC/!.  AS  7R 
DISS(UG/L  AS  AS) 
.  DISS  (UG/L  SF) 


1209, 

VALUE 
16.0  C 
S.41 
.30 
•:.04 
.33 
.OIG 
.009 
1  .23 
<.004 


"AL  HARDNESS  AS  Cf^.Cn.i. 

TOTAL.  At  KAL  INITY  AS  CACOS 

SODIUM  ADSORPTION  RATIO 

RY<'NAR    STAJsILITY  INDEX 

LANCLIFR  SATURATION  INDEX 


.3 


END 
At  U 
SIL 
30R 
CAD 
CMR 
COP 
LIT 
MOL 
MFR 
ACI 


P 
UCTVY 
MINUM 
VERf  D 
ON  .  D 

MIUMr 

OMIUM 
PER.D 
HIL'M. 
YDDEN 
CURY. 
D  I  T  Y  , 


AR 
.F 


AM 
IK 
DI 


Di: 

» 

IS 
DI 
UM 
DI 
TO 


DI 
c\ 

SS 

.D 
CO 

tV 


ETFR 
I  D  M 
SS  ( 
(MG/ 
(MG/ 
(MG/ 
SS  ( 
(MG/ 
(MG/ 
1SS( 
<UG/ 
MG/I. 


ICRO 
MG/t 
L  AS 
L  AS 
L  AS 
MG/L 
L  AS 
L  AS 
MG/L 
L  AS 
CAC 


MHOS 
•AL) 

AG) 

3) 

CD) 
•GR) 

nu) 

LI) 
MO) 
HG) 
03) 


4  73.36 
0.30 

VALUE 

A  i  #C  A.  » 

3.04 
<.0C2 
.06 

.005 
.004 
.013 
.062 
■:.02 
.04 
iOR. 


remarks:  WATER  TURDJD  •  StIGHTtY  NltKY  »  DECOMES  PALE  TO  BRIGHT  ORANGE  UPON 
MIXING  «  GRIFFFN  MINF  OUTFLOW  PS  Ot  * 
SAMPLE  TAKEN  FROM  OUTFLOW  FROM  ADIT  * 
lad:  Hi=0    MG/L.   ■2.9  SIGMA.  12.4  TOTAL  CATION  MLOVS/L  * 


explanation:   MG/L  =  MIt.L.IGRAMS  PER  LITI.-.R.  UG/L  ^  MICROGRAMS  PER  LITER.  MEQ/L  = 

MILL  IFQUIVFI.ENTS  PER  LITER.   FT  =  FEET.  MT  ^  MLTERS, 

ESTII 


IFQUIVFI.ENTS  PER  LITER.   FT  =  FEET 
:MATED.  (R)  ^  REPORLED.   TR 


OTHE 
OTHF 


R  AVAILABLE  DATA 
R  FILE  numbers: 


PROn 


LAST 


projkct: 
EDIT  date: 


OU   UA 


04  MAY  31 
F1730P  V2 


=■-     TOTAL  RECOVERADLE. 
S2   WI   OW   PU   AT 


(M)  ^  MFASURFD, 
TOT  -  TOIAL. 


( t  )  « 


(  1  .1  /  3  /  0  1  ) 


cost: 

BY : 

printed: 


OTHKR 


TP 


»CLG 
MAY  03 


NOTE 


PERCENT  MEQ/L  (FOR  PIPER  PIOT) 
CA    MG    NA     K    CL   S04  HC03   r03 
58.9  33.4   A. 3   1.5   0.9  79.1   0.0   0.0 

IN  CORRESPONDENEE.  PLEASE  RF FER  TO  LAD  NUMDFR:   0002323 
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MONTANA  Sl^R^TAll  OF  MINIi'S  AND  GFGI.OGY 
riUTTF.">  MONTANA   57701   (A0/.)A96    AlOl 


UATTR  aiJALITY  ANAL.YSIG 
LAI:  NO.  RIQOOAO 


STAT.T 

MONTANA 

LATITUnr -1.  ONG.TTIJ).ir 

47D1R'47'N 

UTM    COORniHATrG 

712    N52:?97G 

TOFOnRAriMC    MAP 

STOCKETT     7 

GirnLOGcc  r;nuRcr: 

221MRGN* 

DRAINAGE    r;A?IN 

DD 

AGlfNCY    >     r;AMPLr:R 

MRMG*JJD 

dottle:  numdtr 

FS-  01 

DATir  sAMpf.irri 

0."?-  MAR    SI 

TIMr    nAMPI.  TD 

15:  00    HOURS 

LAF!    4     ANALYST 

m;?mg*fna 

DATT    ANALY7f:D 

22- APR-Rl 

GAMPLF    HANDLING 

4120 

METHOD    SAMPLED 

GRAD 

UATER  usr 

UNUr.ED 

lllDll  '05*U! 
0  E4GA070 
1/2' 
» 

LAND 


SUL 


GGHNTY 

SITE  I.  OGATION 

MPMG  SITE 

STATION  ID 

*   SAMPLE  SOURCE 

SUREAGE  ALTITUDE 

SUSTAINED  YIELD 

YIELD  MEAS  METHOD 

TOTAI   DEPTH  OE  UELL 

ADO'v'E(-)  OR  DRLOW  OS 

CASING  DIAMETER 

CASING  TYPE 

COMPLETION  TYPE 

PEREORATION  INTERVAL 


CASCADE 

IFjN   ^,E  14  ACCI; 

471FM7111  110501 
MINE  DRAINAGE 
:iR40.   ET  ,"  10 


SAMPLING  SITE  STOCKETT   •  SAND  COULEE  MINING  DISTRICT 
GEOLOGIC  SOURCE  MORRISON  FORMATION 


CALCIUM 

MAGNESIUM 

SODIUM 

POTASSIUM 

IRON 

MANGANESE 


(CA) 
(MG) 
<NA) 
(K) 
<FZ) 
(MN) 


SILICA   <SI02) 
TOTAL  CATIONS 


MG/L 
A  4.  7 
22.4 

4,2 
29.1 


lO.A 


MEO/L 


3, 

1  , 
0. 
0, 

1  , 
0, 


04 

:<7 
11 

5  A 
01 


BICARDONATJ 

CARPONATE 

CHLORIDE 

SULF ATK 

NITRATE 

FLUORIDE 

PHOSPHAT 


to; 


(HC03) 

(C03) 

(C.) 

<S04) 

(AS  N) 

(E) 

(AS  P) 


7.0? 


TOTAL  ANIONS 


MG/L 


MEO/L 


4.C 

0.  14 

fj.l?  . 

1  3  .  1 A 

.  11 

0,01 

1  .23 

0.0.'. 

13.37 


STANDARD  DEVIATION  OF  ANION-  CATION  DALANCE 


LADORATORY  PH 

FIELD  WATER  TEMPERATURE 

CALCUL.ATED  DISSOLVED  SOLID! 


3.  A2 
7.?  ( 


GUM  OF  Dl: 


CONSTITUENT 


LAD  SPEC.COND. (MICROMHOS/CM)   1904. 


TOTAL  HARDNESS  AS  CAC03 

TOTAL  ALKALINITY  AS  CAC03 

SODIUM  ADSORPTION  RATIO 

RYZNAR  STABILITY  INDEX 

LANGLIER  SATURATION  INDEX 


TEMP 
FIEL. 
ALUM 
ACID 
GELE 
NICK 
LEAD 
STRO 
TITA 
VANA 
ZINC 
ZIRC 
ARSE 


PARA 
ERATURE 

D  ru 

INUMf TR 
ITYjTOT 

ntsjm.tr 

EL.  .DISS 
.DISS 
NTIUM.  D 
NIUM  DI 
DIUM.DI 
.DISS 


METER 
.  A  I R 


(C) 


(M 
(MG 
(Ll 
(M 
(MG 
ISS 
S(M 


(MG 

ONIUM  nis( 
NIC.DI3S(U 


G/L  A 
/L  CA 
G/L  A 
G/L.  A 
/L  AS 
(MG/ 
G/L  A 
MG/L. 
/L  AS 
MG/L 
G/L  A 


S  AL> 
C03) 
S  SE) 
S  N I  ) 

PB) 
L  -SR) 
S  TI) 
AS  V) 

7.N) 
AS  ZR 
S  AS) 


VALUE 

10.        C 

5.39 

1  .72 

403.0 

<  .  1 

.24 

.05 

.  170 

.012 

.055 

.600 

.074 

A.  2 

CNDUCT 

AL.KAL.I 

IRON.T 

ARSi;  NI 

ALUM IN 

SILVER 

DORON 

CADMIU 

CHROMI 

COPPER 

LITHIU 

MOLYDD 

SELENI 


VY 

NI 

R 

C, 

UM 

.D 

.D 

M. 

UM 

,D 

M. 

EN 

UM 


ARA 

.EI 

TY. 

(MG 

TR 

.  D 

ISS 

ISS 

DIG 

.  D 

ISS 

DIS 

UM. 

.  I: 


METER 

ELD  M 

FL.D(A 

/L  AS 

(UG/L 

ISS  ( 

(MG/ 

(MG/ 

S(MG/ 

ISS  ( 

(MG/ 

S(MG/ 

DISS( 

ISS  ( 


ICRO 
S  CA 

EE) 

AS 
MG/L 
L  AS 
L  AS 
L  AS 
MG/L 
L  AS 
L  AS 
MG/l 
UG/L 


MHOS 
C03) 

AS) 

-AL  ) 
AG) 
D) 
CD) 

-CR) 
CU) 
LI) 
MO) 

•SE) 


VALUE 
1030. 
A0.4 
30. 2 

C    ^ 

w>  »  ^ 

i  .lA 
.057 
.14 
.029 
.040 
.042 
.0A9 

■■.1 


remarks:  water  slightly  TURr«ID  ■■  DUT  LITTLE  ORANGE  FILTERALE  * 
CIEEEN  MINE  OUTFLOW  •■  AT  ADIT  * 
lad:  13.7  CATION  MEOVS.   -.25  SIGMA.  12.2  MG/L.  EST.  Hi     * 


explanation:   MG/L  ^  milligrams  per  liter.  UG/L 


MICROGRAMS  PER  LITER.  MER/L 


MILL  lEQUrvE!.  ENTS  PER  LITER.   FT  = 


:et.  mt  =  meter; 


ESTIMATED.  (R)  =  REPORTED. 

OTHER  AVATLABI..F  DATA     Y 
OTHER  FILE  NUMDERS: 


tr  =  total  recoveradle. 
;a  S2  wi  ou  pw  at 


(M) 

(OT  ■■ 


■■    MEASURED.  (E)  = 
TOTAL  . 


OTHER 


project: 

LAST  EDIT  date: 

processing  program: 


29- APR  81 

F1730P  V2  (11/3/Bl) 


cost: 

."^Yt 

F'Rinted: 


PERCENT  MEO/L  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03 
50.5  33.4   A.l   2.0   1.0  99.0   0.0 


Tr    *CLC 
27-MAY  S3 


CO  3 
0.0 


note:  in  correspondence,  please  refer  to  lad  numder:  rioooao 
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MONTANA    SDRTAU    OF    hlNiTG    ANP    GrOI.  OGY 
nUTTr  .MONTANA       f.9701        I  <0/. )  A9/,    A  \  0\ 


UATTR    OIIA:   ITY    ANAtY?!!: 

I. AT  NO.  noo?:i:'A 


LA 


iTiinr 
u  rM  r 
Tornn 
crni  n 

DRAl 

IiPT 

DA 

TI 

LAB 

DAT 

3AMPI. 

METH 


I.ON 

noRn 
r,'Arn 
nic 

NACr 

+  s 
"I!,  r 

TF  S 

Mr  r, 

4  A 

r  AN 

F  HA 

CD  r. 

WAT 


GTAI 
CTTim 
INATf 
IC  MA 

r>ii(iRr 

BAT,  I 
AMTLT 
NUMI:F 
AMPl  f 
AMPI.  r 
NALYf, 
AL  Y/r 
NPl  IN 
AMFLF 
FR  DS 


MONT 

A7DX 

71? 

STOr 

??1M 


ANA 
P.'  AO' 

N  f  T  T 
Rr^N« 


U 


rr 

MflMG*.)  JD 
PS  02 
?1  -3 

1  :j  :  0 

OS-  D 
4120 
GRAI: 
UNUS 


N  H  1  r  I  1  ■,  i 
A'.0  FKif.RSO 
7  1/2' 

t 

LAND 


FP  GO 
0  HOL! 
♦  FNA 
FC  f)0 


FD 


R! 


TML 


COUNTY 

STTF  1.  fJCATION 

MSMG    r,  ITF 

r.TATION     ID 

»       SAMPl F    nOURCF 

SURFAfF    Al.  TniasF 

rjur-TAiNrn  yifld 

YIFI.  D  MFAf,  MFTHOD 

TOTAI   nrPTH  OF  UFLL 

A>.:OVF(   )  OR  DLI  OW  CZ 

CASING  niAMFTFR 

CAGING  lYPF 

CGMPLFTION  TYPF 

PERFORATION  IN'TFRVA: 


CAGCADC 

IfiN   ^r  1  *,  CAAD 

r«r.  02 

4710^01  111  11301 
GPKINC 

jf;/,o.  n     :    lo 


GAMPLING  GITF  GANH  COUI.FF  MINING  DISTRICT  « 
GF0I.OGIC  SODRCF  MORRISON  FORMATION 


NO.  f IVF  CK 


CAI  CIUM 

MAGNFSIiJM 

GOnilJM 

POT AGS  I  tm 

IRON 

MANGANFSF 

SILICA   C 


(CA) 
<MC) 
(NA) 
<K) 
<FF) 
<MN) 
102) 


MG/!. 

167. 
49.9 
21.3 

^  »  /»  O 

34.  S 

1.14 
8.2 


MFQ/I. 
G.33 
4 
0 


0. 
1  . 
0, 


TOTAI.  CATIONS 


10 
93 

15 
07 
04 


42 


BICAR^ONATF 

CARDONATF 

CHLORIDE 

S!JI.  FATF 

NITRATE 

Fl.  IJORIDE 

PHOSPHATF 


TO! 


(HC03) 

<C03) 

(Ct  ) 

(S04) 

(A?.    N) 

(F) 

(AS  P) 


MEO/I. 
3.00 


TOTAL  ANIONS 


MG/L 

1  O  T  r\ 
X  \t  /    •    } 

C. 

A . 1  0.17 

490.  10.20 

.57  0.04 

.P7  O.Of. 


13.  f,4 


STANDARD  DFVIATION  OF  ANION  CATION  BAI.  ANCF 


(SIGMA) 


LADORATORY  PH  A, 

FIFLD  WATER  TF.MPFRAKJRE  11 

CAICULATED  DISSOLVED  SOLIDS  B7P, 

SUM  OF  DIGS.  CONSTITUENT  973, 

LAD  SPEC.COND. (MICROMHOS/CM)  1144. 


A7  TOTAL  HARDNESS  AS 
4  C  TOTAL  ALKALINITY  AS 
14  SODIUM  ADSORPTION 
40  RY7NAR  STABILITY 
LANGI.  lER  SATURATION 


CAC03 
CAC03 
RATIO 
INDEX 
INDEX 


TEMPER 

FIFl  D 

GTRONT 

TITANI 

2INC»D 

ZIRCON 

GELENI 

ARSFNI 

MERCUR 

NICKEL 

DISSL V 


PAR 
ATUR 

r-H 

TUM, 
UM  D 

I  ss 

lUM 
UM, 
CD  I 
Y»DI 
.DIS 
D  SO 


AMETER 
E  r  AIR  (I 


) 


DI 

IS 

( 

ni 

DI 
SS 


SS  (MG/L  SR) 
(MG/L  AG  TI) 
MG/L  AS  7N) 
S(MG/L  AG  ZR 
SS  (UG/L-SE) 
iUG/L  AS  AS) 
(UG/L  AS  HG) 
(MG/L.  AS  NI) 
DS(CALC  MG/L 


VALUE 
10.0  C 
.S.59 
.37 
.023 
1.31 
<.004 
.4 

•;.i 
:.03 

.34 
07C. 


CNDUC 
AL.UMI 
SILVF 
BORON 
CADMI 
CHROM 
COPPF 
LITHI 
MOLYD 
LEAD, 


PA 

T'v'Y, 
NUM. 
R  .  D I 
,DI 
UM.D 
lUM, 
R .  D I 
UM.D 
DENU 


RAMF 
FIFL 

DIS 
SS  ( 
SS  ( 
TSS( 

DIS 
SS  ( 
ISS( 
M.DI 
(M 


TER 

I:    MICRCM 
G  (MG/L.- 
MG/L  AS 
MG/L  AS 
MG/L  AS 
S  (MG/l- 
MG/L  AS 
MG/L  AS 
SS(MG/L 
G/L  AS 


HOG 

AL) 

AG) 

B) 

CD) 

CR) 

CU) 

II) 

MO) 

D) 


/■,22.39 

154. ;i 

0.37 

7.41 

-0.37 

VALUE 
112  4. 

*  ^  %j 

<.002 
.05 

.004 
.002 
.014 

/\     A     A 

•  w  n  T 

^   •   \J  A. 

<.04 


remarks:  UATER  looks  pale  orange  «  ORANGE  AND  WHITE  PRECIPITALE  IN  FILTER  « 

r.  singles  spring   girpen  mine  »  spring  l'mits  over  broad  area  near 
uhere  mine  adit  was  plugged  to  shutoff  acid  mink  discharge  « 
lab:  fu  ff  of  .017  mg/l  gives   .035  sigma  * 


explanation:   mg/l 


MILLIGRAMS  PER  LITER.  UG/L 


MIL  L  TFOUIVELENTS  PER  LITIiR. 
ESTIMATED.  (R)  =  REPORTED. 


MICROGRAMS  PER  LITER.  ML  0/1 


FT 
TR  = 


=  FEET.  MT  =  METERS 
TOTAL  RECOVERADLE. 


other  available  data 
other  file  nijmders: 

project: 

LAST  KDIT  pate: 

PROCESSING  program: 


QU   UA 


WI   OW 


02  FEB -33 

F1730P  V2  (11/3/01) 


AT 


cost: 

by: 

printed: 


(M)  =  MEASURED.  (E)  = 
TOT  -'     TOTAL. 

OTHER 


JKS«JKG 
27  MAY-f;3 


PERCENT  MEQ/L.  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03   C03 
61.7  30.4   6.9   1.1    1.3  75.0  22.9   0.0 

note;    in  CORRESPONDENCE.  PLEASE  REFER  TO  LAD  NiJMDER:   0002324 
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6.Z 

0.  IC 

0. 

20.40 

.04 

0  .00 

3.4 

0.  tG 

MCNTv^NA    nURZCM    OF    MINES    A.Mn    Gmi  OGY  WATTR    QUALITY    ANALYGIG 

BUTTFfMOWTANA       f;9701        (406)49A    4101  LAF:    NO.     fi00?3?5 

STATT  MONTANA  COliNTY  CAT-CADE 

LATITUnC-LONfilTUriE  47Ii24'43'N    .1  t  t  DO? '  03 "  W  SITT    LOCATION  .t9N       ST       /    CATF 

UTM    CnORPINATrS  712    N52507-*,0    r.AnS5?0  MSMG    SITT  CG    01 

TOPOCRAr-IIJC    MAP  SOUTHEAfJT    GRCAT    PAI.  I.  f^    7    1  fJTATION     lH  472-^  ",31  1 1 C9C301 

GrOLOGIC    GniJ.';;C:E:  221MRGN*                      »  »       GAMF-LF    GOURGC  MIN.T    nRAINAGE: 

DRAINACr    PASTN  Pf.:                                                LAND  SURTArr    ALTITUnfl  3490.        FT     ■■:    10 

AGTNCY    +     GAMPL.TR  MRMG*JJD  GOGTAINm    YIPLD 

hotti.f:  numpfr  os-oi  yiulh  mtas  mfthod 

DATE.  GAMPl.rn  21  -GE.P  GO  TOTAL.  DrPTH  OF  WEILL 

TJMr  GAMPLTD  OOJOO  HOUR?  GU'L  APnVr(-)  OR  BELOW  GG 

LA5  >  ANALYGT  MSMGtFNA  CAGING  DIAMTTfTR 

DATT  ANALY;.'Cri  10FFF;-01  GAGING  TYPE 

gample:  handling  4120  complftion  typf   * 

method  gampi.  fd  gra).:  perforation  interval 

uatfr  dgf  unuged 

gampling  gitf  sand  goul  ff  mining  di gtri  gt*gand  goiji.ff  gk 
geologic  gource  morrigon  formation 

MG/!.  MEO/L                              MG/L     Mm/L 

CALGIL'M    <CA)  93.5  4.67  BICARBONATE    (HC03) 

MAGNESIUM  <MG)  74.7  6 .  3  fi  CARRONATF  (C03) 

GCDXUM     <NA)  22.3  0.97  CIU.ORIDE  (CD 

PCTAGGIUM   <K)  2.4  0.0.',  GULFATF  <G04) 

IRON        (FE)  12,4  0.A7  NITRATE  (AG  N) 

MANGANEGE  (MN)         .39  0.03  FLUORIDE  (F) 

GILICA   <GI02)  63.5  PHOSPHATE  TOT  (AG  P) 

TOTAL  CATIONS  12.54  TOTAL  ANIONS  20,76 

STANDARD  DEVIATION  OF  ANIONCATION  BALANCE    (GIGMA) 

LADORATORY  PH  2.93     TOTAL  HARDNESS  AG  CAC03    540.93 

FIELD  WATER  TEMPERATURE  10.5  C  TOTAL.  AL.KAL.  INIT  Y  AG  CAC03 

CALCULATED  DISSOLVED  SOLIDS  SODIUM  ADSORPTION  RATIO      0.42 

GUM  OF  DIGS,  GONGTITLJFNT  RY7NAR  GTASILirY  INDEX 

LAD  SPFC.CCND, (MICROMHOS/CM)  1G39.     LANGLIER  SATURATION  INDEX 

PARAMETER  VAL.UE              PARAMETER  VALUE 

TEMPERATURE,  AIR  (C)  10.0  C  CNDUCTVY ,  FTFL  D  MICROMHOS  1F;A2. 

FIELD  PH  2.SC  ALUMINUM,  DIGS  (MG/L.-AL)  4  7.5 

NICKEL, DIGS  (MG/L  AG  NI)  .5-1  GILVFR»DIGS  (MG/!.  AS  AG)  ^.002 

LEAD, DISS   <MG/L.  AG  PD)  ^.-.04  DORON  ,DIGG  (MG/L.  AG  D)  .12 

STRONTIUM,  DISS  (MG/L  SR)  .<f,G  CADMI  UM  ,  DT  GG  (  MG/L  AS  CD)  .OIP 

TITANIUM  DIG(MG/L.  AG  TI)  .016  CHROMIUM,  DIGG  (MG/L.CR)  .005 

VANADIUM, DISS(MG/L  AS  V)  .006  COPPER, DISS  (MG/L  AS  CU)  .030 

ZINC, DIGG   (MG/L  AG  ZN)  1.66  L I THIUM , DIGS ( MG/L  AS  LI)  ,17 

ZIRCONIUM  DIS(MG/L  AG  ZR  <,C04  MOL YDDFNUM , D I SG ( MG/L -MO )  <,02 

ARGEN[C,DIGG(ILG/L  AG  AS)  1,9  MERCURY  ,  D  IGG  (  UG/L  AG  HG)  =;.03 

SELENIUM,  DISS  ((JG/LSE)  ,4  ACIDI  TY  ,  TOT  (  MG/L  CAC03  )  432. 

REMARKGt  CLEAR  WATER  ■  COLORLESS  * 

EFFLUENT  FROM  WOODEN  DRAIN  PIPE  FROM  ADIT    DURIED  UNDER  SPOIL  * 
LAFtt  H-f^6.2  MG/L.,  ,68  GIGMA,  20.5  TOTAL.  CATION  MEQVS/L  * 

explanation:   MG/L  =  milligrams  per  LITER,  UG/L  =  MICROGRAMS  PER  LITER,  MEQ/I 
MIL.L.IEOUIVELENTS  PER  LITER.   FT  ^  FEET>  MT  =^  METERS.   (M)  =  MEASURED,  (E)  = 
ESTIMATED,  (R)  =  REPORTED.   TR  =  TOTAL  RECOVFRADLE .   TOT  =  TOTAL. 


OTHER  AVAILAFSL.E  DATA 
OTHER  FILE  NUMDERS: 


QW   WA   S2   WI   OU   PW   AT       OTHER 


project:  cost: 

LAST  EDIT  date:   04-MAY  31  DY:   TP    *CLG 

PROCESSING  program:   F1730P  V;.!  (11/3/01)    PRINTED:   27  MAY-  83 

PERCENT  MEG/L  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  flC03   C03 
39.4  51.9   G.2   0.5   0.9  99.1   0.0   0.0 

note:   in  CORRESPONDENCE,  PL  PAGE  REFER  TO  LAP  NUMPER:   R0R2325 
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MONTANA    8URFAIJ    OF    ttlNTn    AMH    Gf  m  OGY 
DUTTFtMONIANA       S9701         (  AOi.)  A^6     AlOX 


UATTR    QUA!.  ITY    ANAlYr.IC 

i.AF.  NO.   Roorrjr? 


latitude:  I 
UTM  con 

TOPOORA 

crni  nnr 

DRAINA 
AGfNCy  I 

dott:. 

DATr 

TIME 

LAB  > 

DATr 

GAMPI  F 

METHOD 

U 


GTATF 
ONCITHnr 
RniNAIFG 
PHIC  MAP 

c  r;nnRrr 

GF  BAT  IN 
GAMPt  FR 

F  NIJMRCR 
GAMPI  FD 
r,AMPI  FD 
ANAL  YGT 

ANALYZFIi 

HANDl  ING 
r.AMPLFD 

ATER    UGF 


MflN 
4  7D 
71? 
f:TO 

i.ii 

MStt 
CG  • 

n 

«  c    • 

A    .J    • 

MSM 
tR 
A  I  ? 
GRA 
V.NU 


TANA 
20'  ; 
NS? 
GKFT 
MRGH 

1>«.]J 

09 

GFP 

00  H 

G«FN 

FFt- 

0 

SFP 


?'N  1 

-irj.so 

T  7  1 
«  1  1  1  G 


30 

oi;rs 

A 
RI 


t  tro?'  11 

E 4 035  10 
/?' 
PBKt 


SU'l. 


cntiNi  Y 

'U     GITF  L  or  AH  ON 

MBMG  GITF 

GTATIGN  ID 

»   GAMPI  F  Gn'JRGF 

LAND  GURFAGF  AITITUDF 

GMGTAINFD  YIF 1 D 

YIFI  D  MKAG  MFTMOn 

tota:  nrPTM  nr  ucll 

Ar:OVF(   )  GR  FFLOW  OG 

CAGING  niAMFTFR 

CAGING  TYPE 

CGMPLFTION  TYPF 

PFRFORATION  INTFRVAl 


CAGCADC 

l»li       Y,f        L    CFAC 
C3  07 

<7?012111C91 101 
MINC  DRAI.'.'AGC 
.IRfiO.   FT  .  10 


GAMPLING  GTTF  GAND  COULFE  MINING  DI GTR I nTHGnTTONWOCD  GK 

GFinnGiG  GoijRcr  mgrrigon  formation 


CAI  CIIJM 

MAGNF.SIUM 

GODIDM 

POTAGSIUM 

IRON 

MANGANESE 

Gil.  ICA   (( 


(CA) 
<MC) 
(NA) 
(K) 
(FD 
<MN> 
10?) 


MG/I. 

-f  «  er 

149. 
14. 


113 


4  if. 

.0 


MFO/L 
k  /  *  d 

in  " 

0.,<i 

o.c 

O.C 


BIGAR.'^nNArF 

CARPONATF 

GIU  ORIDC 

GULFATF 

NITRATE         ( 

FLUORIDE 

PHOGPHATF  TOT  ( 


(Hr03) 
(G03) 

(Gn4) 

(AS  N) 

(F) 

AG  P) 


MG/I 


17.4 
6400. 

.or 


TOTAL  CATIONS 


87.00 


TOTAL  ANIONS 


MFR/L 


0.49 

134.91 

0.00 

0.  05 


135.45 


GTANDARD  DEVIATION  OF  ANIONCATION  BALANCE 


<GIG«A) 


LADORATORY  PH 

FIFLD    iJATLR    TL^MPERATURF 

CALCULATED  DISSOLVED  SOLIDS 

SUM  OF  DIGG.  CONGTITUFNT 

LAD  SPFC.CCND. ( MI CROMMCS/CM ) 


PARAMFTFR 
TEMPERATURE.  AIR  (C) 
F  I F I  II  '^  H 

Ni'cnEl'.  DISS  (MG/L  AG  NI) 
LEAD.  DIGG  (MG/I.  AG  PB) 
STRONTIUM. DISS  (MC/L  SR) 
TITANIUM  DIG (MG/L  AG  TI) 
VANADIUM. DISS (MG/L  AG  V) 
ZINC, DIGG  (MG/l  AG  7N) 
ZIRCONIUM  DIG (MG/L  AS  7R 
ARSENIC.  D  I  GG(UG/I.  AG  AG) 
GEl 


FNIUM.  DISS  (UC/L 


;e) 


.',207. 

VALUE 
9.0  C 

2.45 

12.4 
'  .  04 
1  .OA 

/  > 

A  2.  7 
.090 
2.8 
1.0 


2.90      TOTAL  HARDNESS  AG 

10.2  C  TOTAL  ALKALINITY  AG 

SODIUM  ADSORPTION 

RY7NAR  GTASILITY 

I.  ANOLIER  SATURATION 


CAC03 
CAC03 
K*ii  T  I  */ 
INDEX 
INDEX 


^7■^, 


CNDUC 
ALUM  I 
SILVE 
BORON 
CADMI 
CMROM 
COPPE 
LITUI 
MOl  YD 
HFRCU 
ACIDI 


PA 
TVY, 
NUM. 
R .  D  I 
,DI 
UM.D 
lUM. 
R .  D  I 
UM.D 
DENU 
RY.  D 
TY.T 


RAM 

FIE 

DI 


ISS 
DI 

CO 

IGG 
M.D 


FTER 
LD  M 
GG  ( 
(MG/ 
(KG/ 
(MG/ 
GG  ( 
(MG/ 
(MG/ 
ISS( 
(UG/ 
MG/L 


TCROMUOG 
MG/L  AL) 


L  AG 
L  AG 
L  AS 
MG/I 
I.  AS 
L  AG  LI) 
MG/L  MO) 
L  AG  HO 
CAC03) 


AG) 

D) 

CD) 

CR) 

CU) 


0.17 


VALUE 

///47. 

477. 

.  017 

.20 

.15 

4  4 
•    XX 

.  3  2 

.70 

.05 

-.03 


REMARKG:  water  dumping  orange  and  red  PRrCIPITATF  »  CLEAR  AT  GOURCE 
1.5  MILES  SOUTH  STOCKETl  *  SPRING  EMITS  FROM  SPOIL  PILE  IN 
CAVFD  ADIT  *  T LOU  MFAGURFD  AT  ROAD  -   GRF ATER  AT  SOURCE  » 
lab:  HL=3t  MG/L.    .77    SIGMA.  135.9  TOTAL  CATION  MEOVS/I   * 


FRONT 


OF 


xPIANATION:        MG/I      =    MILIIGRAMG    per    liter.     UG/L      =    MICROGRAMS 


L  ITER.  MFO/L 


Mil  L  IFQUIVELFNTG  PER  LITER 
ESTIMATED.  (R)  =  REPORTED. 


other  available  data 
other  file  numbers: 

project: 

LAST  EDIT  date: 

PROCESSING  program: 


OU   U^A 


04  MAY-  81 
F1730P  V2 


FT  =  FEFT.  MT  =  METERS, 
TR  -  TOTAL  RFCOVFRABIE. 

S?   UT   OU   PW   AT 


(11/3/Rl ) 


COST  : 

B  Y : 
printed: 


PERCENT  MFQ/L   (FOR  PIPER  PLOT) 
CA    MG    NA     K    CI.   S04  HC03 
57.1  40.7   2.1   0.1   0.4  79..',   0.0 


(M)  ^  MEASURED. 
TOT  :^  TOTAL. 

OTHER 


TP  »CLC 
27  MAY  R3 


(E) 


C03 
0  .0 


NOTE  : 
Rpad« 


IN  CORRESPONDENCE.  PLEASE  REFER  TO  LAD  NUMDER:   fJ002327 
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MONTANA    RURiTAU 
liUTTCMOMTANA 


or  kine:s  amd  nrrjioGY 

59701        (40A)49A    4101 


(ATCR    ajJALITY    ANAl. 
AE    NO.     BlQOOAl 


YSi; 


STATr 
LATTTUnr-I.ONGITUDr 

UTM  cnoRniNATrs 
TcrncRAniTC  map 
croionic  sniiRcr 

DRAINACr  BASIN 

AGCNCY  +  SAHPl FR 

DOni.  r  NUMIiFR 

DATF  SAMPirn 

TiMfi  SAMPi. rn 

LAB  ■»  ANALYST 

OATC  ANALY/rn 

GAMPlf  HANRI.  ING 

MCTHOr:  J^AMn.fin 

UATCR  ;jsr 

CAMPLING  Slir 

Grni  nc>Tc  so-jrcit 


MONTANA 

4  7r:20'l?*N     t  t  t  DO?  '  1  0  '  W 

Zi::'    Nf;2^?,195    r483515 

STOrKtlTT    7     1/2' 

??lMRr;N*lllMTLG* 

BB  LAND 

MRMGtJjn 

CS-  09 

03    MAR    81 

14:00    HOURS  SWI, 

MBMG»rNA 

?7    APR    fil 

1120 

GRAB 


COiJNTY 

SITf:    LOCATION 

MBMG    SITT 

STATION    IJ:.' 

*       SAMPLF    SOURCF 

SURPAGr    Al.TITUnr 

SUSTAINrO    YICLB 

YIEl D    MTAS    MrTHOD 

TOTAL    BFiPTH    Of    UCLL 

ABOyr(-  >     OR    BFILOW    GP 

CASING  niAMCTCR 

CASING  TYPC 

CnMPL.FTION  TYPr 

PERFORATION  INTPRVAL 


CASCADC 
IfJN   5r.   6«CCACl 
CS  09 

472012111091003 
MI  Mr  riRAINAGC 
3055.   PT  ^  10 


STOCKPTT  ••  SANB  COULEE 
MORRISON  rORMATICN 


MINING  DISTRICT 


CALCItJM 
MAONLSIUM 

snniuM 

POTASSIUM 
IRON 

MANCANPSr 
SII.  ICA   ( 


(CA) 
(MG) 
(NA) 
(  ^ ) 
(TD 
(MN) 

:^i02) 


MG/L 
3A0. 


MPR/L 


15 
1  4. 

10.S5*. 

lOA*. 


17. 9A  BICARSONATT 


1 

56 
0 


TOTAL  CATIONS 


12.75 
0  .  .S 1 
0.07 

57.21 
0.09 


fiS.70 


CARBONATE 

CHLORIDE 

SULFATE 

NITRATE 

Fl.  U'ORIDF 

PMOSPHAT 


E  TOT 
TOTAL 


;TANnARD  DEVIATION  OF  ANION- CATION  DALANCE 


<MC03) 

(CC3) 

(CD 

(S04) 

(AS  N) 

(F) 

(AS  P) 

ANIONS 
(SIGMA) 


MC/L 

I  . 
A90A 


A,', 


LABORATORY  PH 

FlfLD  UATE.R  TEMPERATURE 

CALCL'I  ATED  DISSOLVED  SOLIDS 

GUM  or  DISS.  CONSTITUENT 

LAB  SPEC.COND. ( MI CROMMOS/CM ) 


3.  A 


TOTAL  HARDNESS  AS 

C  TOTAL  ALKALINITY  AS 

SODIUM  ADSORPTION 

RYZNAR  STABILITY 

lANGLIER  SATURATION 


CAC03 
CAC03 
RATIO 
INDEX 
INDEX 


PARAMETER 
TEMPERATURE,  AIR  (C) 
FIELD  PH 

IRONfTR  (MG/L  AS  FE) 
ARSENIC,  TR  (UG/L.  AS  AG) 
ALUMINUM,  DISS  (MG/I.  AL) 
SILVER, DISS  (M6/L  AS  AG) 
BORON  ,DISS  (MG/L  AS  B) 
CADMIUM, niSG(MG/L  AS  CD) 
CHROMIUM,  DISS  (MO/I.  CR) 
COPPER, DISS  (MG/L  AS  CU) 
LITHIUM, DISS(MG/L  AS  LI) 
MGL  YSDENUM,  DISS  (  MG/L.  ••  MO  ) 
SELENIUM,  DISS  (UG/L-SE) 


VALUE 
10,   C 
2.53 
1290. 
6.0 

e  A  /\ 

.092 
.33 
.112 
.144 
.154 
.720 
1  .42 
.6 


"^  A  R  A  M  E  T  "^  R 

cnductvy,field''micromhos 
al.!jminum,tr  (mg/l  as  al ) 
acidity,  tot  (mg/i.  -cac03) 
sel.enit;m,tr  (ug/l  as  se) 
nickel, diss  (mg/l  as  ni) 
lead, diss  (mg/l  as  pb) 
strontium»diss  (mg/l  sr) 
titanium  dis(mg/l  as  ti) 
vanadium, diss (mg/l  as  v) 
zinc,  diss  (mg/l.  as  zn) 
zirconium  dis(mg/l  as  /r 
arsenic, diss (ug/l  as  as) 


MEO/L 


0.05 

143.70 

0.01 

0.  39 


14  4.24 

1536.90 
0.16 


vnL.* 
6  ft  2  6 


5431 


.0 
12.0 

^.04 
.103 
.014 
.033 

4.35 
.025 

6.0 


remarks:  SAMPLE  CLEAR  -  NO  PRECIPITATE  #  DOWNSTREAM  THERE  IS  ORANGE  AND  WHITF 
PRECIPITATE  AND  GREEN  SLIME  *  SAMPLE  FROM  SPRING  AT  SPOIL  PILE  BY  TL 
MINE  «  AT  ROAD,  F-U  =  ?.72f     S.C.^6725  « 


EXPLANATION: 


MILL lEQUIVELENTS  PER  LITER. 
ESTIMATED,  (R)  =  REPORTED, 


MG/L  =  MILLIGRAMS  PER  LITER,  UG/L  =  MICROGRAMS  PER  LITER,  MEQ/i 


FT  =  FEET,  MT  -  METERS. 
TR  =  TOTAL.  RECOVERABLE. 


other  available  data 
other  file  numbers: 

project: 

LAST  EDIT  date; 

PROCESSING  program: 


QU 
Y 


UA 


WI   OW   PU   AT 


(M)  =  MEASI^REDf  (E)  = 
TOT  =  TOTAL. 

OTHER 


19  FEB  82 
F1730P  V2 


(11/3/Rl  ) 


cost: 
BY : 

PRINTED  I 


PERCENT  MEQ/L  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03 
57.2  40. A   2.0   0.2   0.0100.0   0.0 


TP 
27 


C03 
0.0 


».JKS 
MAY  03 


note:  in  correspondence,  please  refer  to  lab  number:  8100061 
anal.ysis  not  in  file:  3tq100c 
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MONTAHA     riURrAlJ    OT    MINrT,    AND    GfHror.Y 
DUnr.nONTANA       59701        (A0^.)A9/.     a\o\ 


UATTR     QUA!    I^  Y    ANA!  rr.l'. 


GTATF 

LATiTunr  LONCiTunr 
UTM  cnnRniNATrs 
rornGRAPHir  map 
GfrninGic   r;ni;Rr.r 

DRAINAOr  PAS  IN 

AnFNCY  4  SAMTLTR 

nOTTI  C     NIJMTFR 

DATL-    riAMPl.TD 

TiMT   SAMPi.  rn 

LAP     +     AMAIYST 

riATt     ANALYrCP 

SAMPl  C     HANPI.  INT, 

ttCTUnn    CAMPLPD 

UATTR    Ur>F 

5AMPLTNC  SITF 

GFOi  nnir  sourcf 


CALCIUM  ;CA) 

MAGNFSIUM  (MG) 

CnPIliM  (NA) 

POTAr,SIUM  <K) 

IRON  (FE) 

MANGANESF  (MN) 
SU  TCA   (SI02) 

TOTAL  CATIHNf 


MONTANA 
A? 

SnijTHKAr/T    GRFAT     FAI.  I.  T,    7 

rriMRSN*! : ispsn* 

PIi  LAND 

MTsMGt.JJD 

cr,  05 

?1     SFP    30 

to:oo  HOiiRS         nui. 

MSMGtfNA 
LP  FFI:-  ei 
■1120 
GRAF. 

uNtisrn 


r.i 


Y 

TOT 

AEOV 


1 
niJR 
IFL 

\  I 

r»  •. 

F( 
CA 


CO 
PERFORA 


CA 
FA 
r,T 
11 

nr 

MP 
TI 


IF  L 
MB 
HTA 
MPLF 
CF  A 
AINf" 
M»;  AT, 
P1H 
OR  J; 
NG  n 
CAS  I 
I  FT! 
ON  I 


cnu 

nCAT 
MG  C 
TION 

cnu 

L  TIT 

D  YI 

ML  T 

or  u 

FLCU- 
lAMf 
NC  1 
ON  T 
NTFR 


NTY  C 

ION 

ITT 

IP 

Rcr 
imr 
f  L  ri 
nun 

ELL 
GC 
TER 
YPE 
YPE 
VAL 


AriCADE 
VN       5E 

C-  01 
72.1?  1  1 
TME    DR 
.1S70. 


?0    DEDC 

1 1075V01 
AINAGE 
FT  50 


SANI"    COUl  FF     MINING 
MGRRICON    FORMATION 


DISTRICT*CAND    rni;i.  FF    CK 


MG/L 

101  . 

ij  ^  »  o 

1.1.6 

2.4 

.11.3 

.70 
93.2 


MEQ/L 


.03 

.  15 

.57 

0/, 

A3 

03 


iMCARnONATF 

CARPONATF 

CmCRIOE 

S;JI  FATF 

NITRATE 

FLIJORIPE 


<I<C03) 

(C03) 

(CD 

(cn4> 

(AC    N) 
(F> 


16.54 


PHOCPMATF  TOT  (AC  P) 
TOTAL  ANIONS 


MG/L 


5.2 
14  37. 

.04 
3.54 


STANDARD  DEi/IATION  OF  ANION  CATION  PAL  ANCE 


(SIGMA) 


LABORATORY  PH 

FIFL  P    WATLR    TEMPFRATLiRF 

CALCilLATFP    DISSOLVED    SOLIDS 

GUM  OF  nice.  CONCTILUENT 

LAP  SPFC.COND.  ( M  ICROMHOS/CM ) 


I  1 


3.1      TOTAL  HARDNESS  AS  CAC03 

?  C  TOTAL  ALKAL.INTLY  AC  CAC03 

SODIUM  ADSORPTION  RATIO 

RY.VJAR    CTAPILITY  INDEX 

LANGLIFR  SATURATION  INDEX 


PARAMETER 
TEMPERATURFf  AIR  (C) 
FIELD  PH 

NICKEL f DISS  (MG/L  AS  NI> 
LEAD. Dice  (MG/L  AC  PS) 
GTRONTIUMrDISS  (MG/L  SR) 
TITANIUM  Die (MG/L  AC  TI) 
VANADIUM. PISS(MG/L  AS  V> 
ZINC, DISC  (MG/L  AG  7N) 
ZIRCONIUM  DIS(MG/L  AS  7R 
ARSENIC, DISS(UG/L  AC  AG) 
GELFNIUM,  DISS  (UG/L  SE) 


VALUJ 

B. 
2.50 


C 


.36 

,04 

,73 

.033 

.  0  t  /. 

,04 

,005 

.1 

,4 


CND 
ALU 
SIL 
DOR 
CAD 
CHR 
COP 
LIT 
MOL 
MER 
AC  I 


UCTV 
MXNU 
VER  , 
ON  . 
MIUM 
OMIU 
PER. 
HKJM 
YPDE 
CURY 
DITY 


PAR 

Y.F 

M. 

DIS 

Die 

.Dl 

M, 

DIS 

.DI 

NUM 

.PI 

,T0 


AM 
IE 

DI 

c 

SS 

DI 
c 


FT! 

LD 


.D 
SC 

T( 


R 
M 

CS  ( 
(MG/ 
(MG/ 
(MG/ 
CS  ( 
(MG/ 
(MG/ 
ISS( 
(UG/ 
MG/L. 


ICROMJIOS 
.»1G/L  AL 


AS 
AS 
L  AS 
MG/I 
L  AS 
L  AS 
MG/L 
L  AC 


AG) 
E) 
C  D  ) 
CR) 
C\i) 
LI) 
•MO) 
HG) 


CACOl) 


MFO/L 


0.  15 

A  >  »  7  A 

0.00 
0.19 


30. 


70?. 62 


C. 


VAL  UE 
3027. 

.006 
.  10 
.016 
.013 
•  G  ^  hj 
.  19 
<.02 
<.03 


remarxc:  water  ic  murky   filters  poorly  due  to  cfdiment  »  water  seeps  over 

droad  area  of  mine  spoil  *  some  mixing  with  uigulr  pu  «  natural  sprinc 
discharge  (ph  from  3-5)  »  outflow  at  road  at  igpm,  ph-?.7n  *  water 
lad:  seeps  rapidly  pack  into  ground  alon'g  drainage  channfi  « 

lap:  H-f  =  11.3  MG/L.    .01  SIGMA.  30.3  TOTAL  CATION  MEOVC/L  * 
explanation:   MG/L  =  milligrams  PFR  L.IIER,  UC/L  =  MICROCRAMC  PER  LITER.  MEO/L  = 


MILL  lEaUIVFlFNTC  PER  LITER.   FT  ^  FEET.  MT  ^  MEFERC. 
ESTIMATED.  (R)  =  REPORTED.   TR  =  TOTAL  RrnOVERADLE. 


OTHER  AVAILAPLE  DATA 
OTHER  FILE  numbers: 

PRO.jrcT: 

LAST  EDIT  date: 

PROCESSING  program: 


QU 


WA   S2 


WI   OU 


04  MAY  -31 

F1730P  V2     (11/3/Pl) 


AT 


cost: 

sy: 

printed: 


CM)  =  measi;red,  (E) 

TOT  ^  TOTAL 
OTHER 


TP    *CLC 
27  MAY  83 


note: 


PERCrNT  MFQ/L  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   C04  HC03   C03 
60.9  31.7   1.0   0.4   0.5  97.5   0.0   0.0 

IN  CORRESPONDENCE.  PLEASE  REFER  TO  LAP  NUMBER:   R0Q2326 
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APPENDIX  B 
GEOLOGY 

A  comprehensive  description  of  the  Mesozolc  stratigraphy  of  the 
area  is  presented  in  Silverman  and  Harris  (1967),  and  comments 
regarding  the  geology  of  the  area  are  largely  derived  from  their  report 
and  from  field  inspection. 

B.  1  Madison  Group  (Mississlppian) 

The  Madison  Group  is  the  oldest  geologic  unit  exposed  in  the  area. 
Its  top  is  exposed  in  several  localities  along  the  bottoms  of  Cotton- 
wood, Number  Five  and  Sand  Coulees.   Outcrops  are  not  extensive;  the 
largest  observed  exposure  is  about  thirty  feet  thick.   Feltis  (1980,  3) 
shows  the  top  of  the  Madison  in  this  area  to  dip  to  the  north-northwest 
at  a  relatively  uniform  dip  of  50-70  feet/mile  (about  one  degree). 
However,  exposures  in  this  area  suggest  that  the  top  of  the  formation 
may  be  irregular,  projecting  local  domes  or  knobs.   It  is  probably 
located  at  shallow  (<300  feet)  depth  in  the  subsurface  throughout  the 
study. 

The  Madison  is  overlain  unconformably  by  Jurassic  sediments  of  the 
Ellis  Group.   This  unconformity  is  angular,  as  exposed  0.5  km  north  of 
Stockett,  where  folded  Madison  strata  dip  25  degrees  north-northeast 
beneath  flay-lying  sandstone  of  the  Ellis.   The  Madison  may  exhibit 
more  complex  structure  in  the  subsurface  than  the  gently-dipping 
Cretaceous  and  Jurassic  sediments  which  overlie  it. 

The  lithology  of  the  Madison  is  grey,  coarsely-crystalline 
limestone  and  dolomitic  limestone,  with  chert  grains  and  a  diverse 

B-1 


biohermal  fossil  assemblage.   It  occurs  both  in  thin,  flaggy  beds  and 
in  massive  biohermal  strata.   Some  fossil  casts  have  been  refilled  with 
either  calcite  or  gypsum.   Local  residents  report  that  the  limestone  is 
locally  cavernous  along  Sand  Coulee  Creek  farther  south  towards  the 
mountains.   Water  well  drillers  have  reported  encountering  cavernous 
zones  in  the  upper  Madison  in  the  Stockett  and  Sand  Coulee  area. 

B.2  Swift  Formation  and  Ellis  Group  (Jurassic) 

Sandstone  of  the  Swift  Formation,  the  upper  member  of  the  Ellis 
Group,  is  distinctive  in  outcrop  as  a  cemented,  cross-bedded,  grey, 
massive-  to  flaggy-bedded  sandstone.   Outcrops  are  found  along  coulee 
bottoms  in  the  upper  reaches  of  the  Sand  Coulee  Creek  drainage, 
particularly  south  of  Stockett.   In  some  localities,  it  unconformably 
overlies  the  Madison,  but  it  usually  overlies  yellow  and  grey  shales 
and  mudstones  of  the  lower  Ellis  Group.   The  fine-grained  sediments  of 
the  Ellis  are  poorly  resistant  to  erosion  and  are  not  well  exposed  in 
the  area. 

B.3  Morrison  Formation  (Jurassic) 

The  Morrison  Formation  consists  of  50-250  feet  of  grey  mudstone , 
with  interbedded  lenses  of  limestone,  sandstone,  coal  and  shale.   Coal 
mined  in  the  Sand  Coulee  area  is  from  bed(s)  at  or  near  the  top  of  the 
Morrison.   The  uppermost  coal  bed  is  directly  overlain  by  a  cemented 
conglomeratic  channel  sandstone  at  the  base  of  the  Kootenai  Formation 
(Cretaceous). 

Although  the  upper  coal  seam  was  the  primary  target  of  mining  in 
this  area,  at  least  one  other  rainable  seam  may  occur  in  the  subsurface 
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of  the  area.  In  the  Glffin  mine  workings,  local  residents  report  that 
mining  took  place  at  two  separate  levels  separated  by  approximately  30 
feet  of  interburden  material. 

Morrison  outcrops  are  found  in  this  area  along  the  mid-slopes  of 
the  coulees.   The  upper  part  of  the  Morrison  consists  of  coal,  carbon- 
aceous shale  and  fine-grained  sandstone  lenses,  up  to  a  total  thickness 
of  sixty  feet.   The  coal  bed  ranges  from  1-12  feet  thick,  with  varying 
proportions  of  interbedded  carbonaceous  shale.   The  thickness  of  these 
shale  strata  was  one  of  the  controls  on  the  profitability  of  mining. 

Sandstone  lenses  in  the  Morrison  are  up  to  35  feet  thick.   They 
are  clean  fluvial  deposits  and  weather  orange,  making  them  difficult  to 
distinguish  from  some  of  the  sandstones  in  the  overlying  Kootenai. 
Perhaps  the  most  diagnostic  characteristic  of  the  Morrison  is  its 
varied  assemblage  of  interbedded  lithologies,  including  shale,  mud- 
stone,  coal,  sandstone  and  fresh  water  limestone. 

B.4  Kootenai  Formation  (Lower  Cretaceous) 

The  Kootenai  Formation  is  a  sequence  of  numerous  lensaic,  discon- 
tinuous sandstone  beds  from  one  to  50  feet  thick,  interbedded  with 
green  and  grey  mudstone.   It  forms  the  coulee  walls  and  underlies  the 
upland  benches  between  coulees  throughout  the  study  area.   The  basal 
sandstone  unit  of  the  Kootenai,  the  Third  Cat  Creek  equivalent  in  this 
area,  overlies  the  coal  in  the  Upper  Morrison  with  an  erosional 
unconformity.   This  unit  represents  the  first  coarse  channel  deposits 
of  the  major  river  system  which  established  itself  across  the  Upper 
Jurassic  land  surface. 

Except  for  the  basal  sandstone,  the  numerous  sandstone  beds  in  the 
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upper  Kootenai  are  relatively  discontinuous.   Most  individual  beds 
cannot  be  traced  over  long  distances. 

B.5  Glacial  Deposits 

According  to  Coulton  et  al.  (1961),  the  limit  of  Wisconsinan  con- 
tinental glaciation  lies  just  to  the  north  of  the  Sand  Coulee  area.   No 
known  till  or  drift  deposits  occur  within  the  valley.   There  is  a  large 
pre-glacial  channel  of  the  Missouri  River  which  runs  east-west  from  the 
modern  Missouri  River  south  of  Great  Falls,  at  the  Sand  Coulee  Creek 
delta,  directly  west  to  the  town  of  Fife.   The  flow  of  Sand  Coulee 
Creek  turns  abruptly  to  the  west  as  it  encounters  this  channel.   The 
channel  is  filled  with  sand,  gravel,  silt  and  clay  deposited  by 
glaciers  and  glacial  lakes  over  which  the  lower  reach  of  Sand  Coulee 
Creek  flows  at  a  gentle  gradient  of  9-10  feet/mile  (about  2%). 

B.6  Alluvial  Deposits 

Thin  alluvial  deposits  of  Quaternary  and  possibly  Tertiary  age  lie 
along  the  coulee  bottoms  of  Straight,  Cottonwood,  Number  Five  and  Sand 
Coulee  Creeks.   North  of  Tracy,  these  alluvial  deposits  inter-finger 
with  the  outwash  and  lacusterine  deposits  of  the  ancient  Missouri 
channel.   Thickness  of  the  alluvial  cover  is  variable.   Although  little 
data  on  its  thickness  distribution  are  available,  it  is  probable  that 
nowhere  south  of  Tracy  is  it  greater  than  100  feet. 
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fl.   TO 
.  «.   TO 


.ft. 
ft. 


CASING  TYPE  Ji  /g  ^.  I 


PERFORATED  INTERVAL  . 


ft.   TO. 
ft.   TO 
ft.    TO 


ft. 
ft. 
ft. 


PERFORATION  OESC. 
PVJMP  SIZE  (MP.)  


TYPE 


OATC  WELL  COMPLETED  . 

HOW  DRILLED  

BY  tWMOM   

WELL  USE        /Aj^.e.'^ 


uc. 


SOURCE  OF  INFOi  WELL  APP«OP.     

DRILLER OWNER     V^  USOS. 

OTHERi  


scs 


r. 


HAS  WELL  LOCATION  BEEN  VERIFIED 

BY  WHOM    .'tf/'Z/llfi^    /fuel^        AQFNCV/»/«t/y^ 

DATE  VERIFIED  ^//v  3 /.g  1- 


MEAS.  POINT  ABOVE  LSD 
TOTAL  DEPTH  BELOW  LSO       . 
RJMPINQ  LEVEL  BELOW  LSO. 
SWL*  BELOW  LSO 
YIELD  IN  OPM 
WATER  TEMP,  "c 
SPECIFIC  CONO.  <t  29  C 

MBMQ  FILE  NUMBER       

ONR  FILE  NUMBER  

WELL  FORM  NUMBER     

MBMO  WQ  LAB.  NUMBER  

SYS  2000  NUMBER    

OTHER  1 


ft. 
ft. 
ft. 


DATE 


3-fV?    ft.    /r/ei/^2. 


LITHOLOOIC  LOO 

INTERVAL  (FT.) 

OeSCRiPTION 

FROM 

TO 

•MITCH  •*«» 


REMARKS.  Dth.^L^n     L.       '.■  j'    /■-/■■       v"   /L    ■? 

•r  •  FLOWINO 

MBMG  Form  183   (9/7«) 


f/i'ri 


1,'jc  ^<T^' 


•^t'l 


d-cV 


C-7 


Ol 


MONTANA  BUREAU  OF  MINES  AND  GEOLOGY 
WELL-DATASHEET 


COUNTY 


c/^5CA/?e 


'r.L£L.l^or% 


.^L(i^rw     %wi:.^Z tiu^ctJ2.RJ2A 


l_AT. 


N.       LOMQ. 


UTM 


OWNER'S  NAME 


SUBDIVISION 


AaJK/A       Dnl^K/f\ 


•COCK 


LOT 


ADDHEss    .^px  (a/    STo  ckeTT 


FHONE  NUMI 


YEAR 


ALT.  LAND  SURF.  AT  WELL  MSL 
TOTAL  DEPTH  BELOW  LSD 
PUMPING  LEVEL  BELOW  LSD 
STATIC  WATER  LEVEL*  BELOW  LSD 
YIELD  IN  GALLONS  PER  MIN. 
MOW  TESTED 


7^00 

3r 


.  tt. 
ft. 
.ft. 


_ii^ ft- 

TIME  (MR.) 


IF  F,  SHUT-IN  PRESS.  IN  PSI 


QEOLOGICAL  SOURCE  OF  H^O  . 


7^^^ 


/^//.^u:  .^/>7 


CASING  DIA. 


-i^   In.    F 


ROM  . 
In.    FROM. 


.  ft. 
ft. 


TO 
TO 


ft. 
ft. 


CASING  TYPE  

PERFORATED  INTERVAL  . 


■^--y 


ft.    TO  . 
ft.   TO 
ft.   TO 


ft. 
ft. 

ft. 


PCRFORATtON  OeSC. 
PUMP  SIZE  (HP.) 


TYPE  , 


DATE  WELL  COMPLETED 

HOW  DRILLED  

BY  WHOM  

WELL  use ^ 


Lie. 


g/^^^rc     ^     J/5^k^ 


SOURCE  OF  INFOi  WELL  APPROP.    

DRILLER OWNER  _2S_        USOS. 

OTHER:  


SCS 


Ic^ 


HAS  WELL  LOCATION  BEEN  VERIFIED 

BY  WHOM    Hr.fL^''-^  f^oofZC    AGENCY    h  i^f^Co 

DATE  VERIFIED  ^r / "  V  /  ^"^  3. 


MEAS.  POINT  ABOVE  LSD 
TOTAL  DEPTH  BELOW  LSD 
PUMPING  LEVEL  BELOW  LSD. 
SWL*  BELOW  LSD 
YIELD  IN  OPM 
WATER  TEMP.''c 
SPECIFIC  COND.  It  29  C 

MBMQ  FILE  NUMBER       

DNR  FILE  NUMBER  

WELL  FORM  NUMBER 

MBMO  WQ  LAB.  NUMBER  

SYS  2000  NUMBER    

OTHER  1 


ft. 

ft. 
.  ft. 
ft. 


DATE 


LITHOUXIIC  LOO 

INTERVAL  (FT.) 

DESCRIPTION 

FROM 

TO 

REMARKS!  . 


'  k 

■•■ 

^7. 

'Z. 

. 

•r;  r: 

O'^^P  W*! 
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rrcM  KM* 


6  ae.A<. 


C-8 


coor-Tv    CA<^CAnC 


MONTAMA  BUREAU  OF  MINES  AND  QEOLOOY 
WE LL-OATA  SHEET 


T.   J£_(t^«f9 


5 


^cVw 


MC. 


JL 


THACT 


8CftC 


t>T. 


N.        UONO.. 


UTM 


TOWN 


OWNER'S  NAME 


SUBDIVISION 


M.OCK 


UJT 


/^e.I/x       r^PNiGhiN'i 


AOORESS 


feox  ^::l  f^nci^^TX 


n-»ONC  NUMI 


VEAR 


ALT.  I_AND  SURF.  AT  WELL  MSL 
TOTAL  OCPTM  BELOW  LSD 
PUMPING  LEVEL  BELOW  LSO 
STATIC  WATER  LEVEL*  BELOW  LSD 
YIELD  IN  QALLONS  PER  MIN. 

MOW  TESTED 

IF  F.  SMUTIN  PRESS.  IN  PSI   


OEOLOOICAL  SOURCE  OF  H.O  . 


3g/g       n. 
n. 


^ 


TIME  (MR.)- 


/^//... 


A^ 


Uf^ 


CASING  OIA. 


CASING  TYPE 


In.    FROM  . 
In.    FROM  . 


rt.    TO 
ft.    TO 


.  «. 
ft. 


PERFORATED  INTERVAL  . 


.ft.   TO. 
ft.   TO 
n.   TO 


r, 


ft. 
ft. 

ft. 


PERFORATION  DCSC. 
PUMP  SIZE  (MP.) 


TYPE  . 

DATE  WELL  COMPLETED  ! 

MOW  DRILLED  ^  t'  1^  'j^ 

8Y«VMOM   .    i    i    ■     ■      '       i     /■ 

WELL  USE  P  n  r^  e.'sT  i  C  - 


ml 


T  />..nP 


ZSL 


uc. 


SOURCE  OF  INFOi  WELL  APPROP.         A 

DRILLER OWNER   USOS. 

OTMERi 


scs 


>^^ 


MAS  WELL  LOCATION  BEEN  VERIFIED 

BY  WMOM  //>>(^  A//).^  /Vgo^gAQENCY  fil A  At C^ 

DATE  VERIFIED   ^"9/9}-^ 


MEAS.  POINT  ABOVE  LSD 
TOTAL  DEPTH  BELOW  LSD 
PUMPING  LEVEL  BELOW  LSD. 
SWL*  BELOW  LSD 
YIELD  IN  OPM 
WATER  TEMP.'c 
SPECIFIC  CONO.  •<  29  C 

MBMQ  FILE  NUMBER       

ONR  FILE  NUMBER  

WELL  FORM  NUMBER     

M8MO  WQ  LAB.  NUMBER  

SYS  2O00  NUMBER    

OTMERi    


ft. 
ft. 
ft. 
ft. 


7T 


^:^^ 


DATE 


LITHOLOOIC  LOG 

INTERVAL  (FT.) 

OCSCNIPTION 

;     PROM 

TO 

n 

;^,r 

^./Ay     Jnase    /^.-.r.k 

2C 

30 

LdO^<^     b,rfA>>D  STo/vJC 

30 

52 

^/AV 

/ 

I 

1 

1 

1 

1 

i 

1 

1 

REMARKSi 


» 
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r 


l.7^n.  fn.-n  S7»t/:e.TT 


C-9 


MONTANA  BUREAU  OF  MINES  AND  QEOLOQY 
WELL-OATA  SHEET 


COUNTY 


^/?5^A0ZZ 


/^(9 


orS 


~>    (5>»w     sec.    /(  Jtu^crPC  C-C 


l_AT. 


N.       LONO. 


W. 


UTM 


TOWN 


SUBDIVISION 


OWNER-S  NAME     /^/Vc'  y      /.-^^^  /  //        TA  .^l.  (^  ,1'  <£:  S 


BLOCK 


LOT 


AOONKU 


/6c/T  Aif 


n-IONC  NUMI 


YEAR 


O- 


ALT.  LAND  SURF.  AT  WELL  MSL 
TOTAL  DEPTH  BELOW  LSD 
PUMPING  LEVEL  BELOW  LSO 
STATIC  WATER  LEVEL*  BELOW  LSO 
YIELD  IN  QALLONS  PER  MIN. 

HOW  TESTED TIME  (MB.) 

IF  F,  SHUT-IN  PRESS.  IN  PSI  


QEOLOOICAL  SOURCE  OF  HO  . 


V^yO      n. 
90  n. 


. «. 
. 't. 


:^.:t- 


r 


CASING  DIA. 


(t-    In.   F 


ROM. 


ft.   TO 
.  «.   TO 


ft. 
ft. 


CASING  TYPE 


PERFORATED  INTERVAL  . 


.ft.   TO. 

ft.   TO 
.ft.   TO 


.  ft. 
ft. 
ft. 


PERFORATION  OESC. 
PUMP  SIZE  (HP.) 


TYPE  . 


'/lP?<^A:.p6if 


DATE  WELL  COMPLETED  . 
HOW  DRILLED  


BY  WHOM 

Lie. 

WELL  USE 

l)or:^i 

~^  ^ 

r"   ' 

/   DC 

,C_ 

SOURCE  OF 

INFO.  WELLAPPROP. 
OWNER     X           US< 

DRILLER  _ 
OTHER: 

IS 

scs 

V; 


^  c. 


HAS  WELL  LOCATION  BEEN  VERIFIED  

BY  WHOM  i¥(^/?./^/\rJ  /ypO^W    AGENCY  /V O  ^ Cr 
DATE  VERIFIED  ('i?  A7/ ^  2 


MEAS.  POINT  ABOVE  LSD 
TOTAL  DEPTH  BELOW  LSD 
PUMPING  LEVEL  BELOW  LSD. 
SWL*  BELOW  LSO 
YIELD  IN  QPM 
WATER  TEMP.'c 
SPECIFIC  COND.  at  25  C 

MBMQ  FILE  NUMBER       

ON R  FILE  NUMBER         

WELL  FORM  NUMBER    

MBMO  WQ  LAB.  NUMBER 

SYS  2000  NUMBER    

OTHER  1 


ft. 
fL 
ft. 
ft. 


DATE 


zz 


S2l. 


LITHOLOOIC  LOO 

INTERVAL  (FT.) 

DESCRIPTION 

1     FROM 

TO 

REMARKSi 


: 

■    ■ 

: 

' 

"f 

m 

I. 

2-iL 

■;■ 

r 


IKCTCM  MAT 


•F  -  FLOWIf«G 

M8MG  Form  182   (8/79) 


MONTAliA  BUREAU  OF  MINES  AND  QEOLCXJV 
WELL-DATA  SHEET 


COUNTY 


.CA^><:///;.^ 


I  N 


T.  —.il^JJ'ort  * 

I  n 


-^-f.*""*' 


»<C. 


7        T,^^  C'/^/i<L 


L>T. 


N.        LOMO. 


UTM 


TOV*?< 


cjwNe*' 


S.AMC    ^UKf^^E 


>UM>IVISION 


•COCK 


LOT 


AOONEM 


PHONE  NUMBER  . 


YCAN 


ALT.  LANG  SUHF.  AT  MCUL  M»l. 
TOTAL  OCPTH  BCLOW  k30 
PUMPING  LEVEL  BELOW  USO 
STATIC  WATER  LEVEL'  BELOW  UO 
YIELD  IN  GALLONS  PER  MIN. 
HOW  TESTED 


yjtf^ 


a:^ 


ft. 

.  n. 


TIME  (HR.). 


IF  F.  SMUT-IN  PRESS.  IN  PSI 


QEOLOOICAL  SOURCE  OP  M.O      ^(70  7~  f^  A/ A  1. 


CASING  DIA. 


CASING  TYPE  , 


in.    FROM  . 
In.    FROM  . 


ft.   TO 
,  »t.   TO 


.ft. 
ft. 


PERFORATED  INTERVAL  . 


.ft   TO. 

ft.   TO 
.  ft.   TO 


ft. 
ft. 
ft. 


PERFORATION  OCSC. 
PUMP  SIZE  (MP.)  


TYPE 


DATE  WELL  COMPLETED  . 

MOW  DRILLED  

BY  WHOM   

IMELL  USE  


uc. 


SOURCE  OF  INFOi  WELL  APPROP.    

DRILLER OWNER  USOS. 

OTHER I    


SCS 


^o^ 


ft.             DATE 
ft.     


MAS  WELL  LOCATION  BEEN  VERIFIED  )<-i.J> 

BY  WHOM       /      O-,  J^a//I  e  AGENCY     ^^^^(i 

DATE  VERIFIED  J~/'^  - ^2.  

MEA&.  POINT  ABOVE  LSD  

TOTAL  DEPTH  BELOW  LSD       

PUMPING  LEVEL  BELOW  LSD 

SWL*  BELOW  LSD  '23  .a  Z 

YIELD  IN  QPM  

WATER  TEMP.°C  

o 
SPECIFIC  COND.  11  2S  C 

MBMQ  FILE  NUMBER       

ONP  FILE  NUMBER  

WELL  FORM  NUMBER     

MBMO  WQ  LAB.  NUMBER  . 

SYS  2000  NUMBER    

OTHER  1    


^-/9-Jl 


LITHOLOOIC  UM 

INTERVAL  (FT.) 

DC5CRI>n^lON 

PROM 

TO 

/]/o     ^Oa 

■*                  J 

1 

r— ^— 

1 



1 

1 

1 

1 

■HITCMIIIMP 


REMARKS.         >'  ( -.  ~^9^UX^      /  X  7°^ 


1             <-. 

|T 


f 


N 


Ho 


•P  -  PLOWIfM 

MBMG  Fonn  \%1   <8/70) 


q 


C-11 


»l 


MONTANA  BUREAU  OF  MINES  AND  GEOLOGY 
WELL-DATASHEET 


COUNTY 
l-AT.  


'.-'^:,/::.E 


T. 


,  N>Of  S 


.jjoiiM     sec. 


--> 


TR^CT  CA  DB 


N.       LONG. 


UTM 


TOWN  . 


SUBDIVISION 


BLOCK 


LOT 


OWNER'S  NAME 


—''--'  /  c'->L^    -  -^•r'/^ 


ADDRESS 


PHONE  NUMBER 


£rf.'Jb       l^C>Ui.il. 


/^ 


YEAR 


ALT.  LAND  SURF.  AT  WELL  MSL 
TOTAL  DEPTH  BELOW  1_SD 
PUMPING  LEVEL  BELOW  LSD 
STATIC  WATER  LEVEL'  BELOW  LSD 
VIELO  IN  GALLONS  PER  MIN. 

HOW  TESTED      ^  ' _Zl^ 

IF  F,  SHUT-IN  PRESS.  IN  PSI  


OEOLOGICAL  SOURCE  OF  H.O 


2(^'^0 

ft. 

n. 

.-■SO 

n. 

■   ^  0 

n. 

3  :^/"^' 

TIUF  <Mn.) 

^J->  ^ 


->^ 


CASING  DIA. 


CASING  TYPE  . 


In.    FROM  . 
In.   FROM. 


PERFORATED  INTERVAL  . 


^--; 


ft    Tn 

,'   -.0 

«     TO 

tt.    TO 

«.    TO 

ft.    TO 

PERFORATION  DESC. 
PUMP  SIZE  (HP.) 


TYPE  . 


DATE  WELL  COMPLETED      ^       - 


HOW  DRILLED             ^    ^^ ^  /^    ' 

HYWHOM.     ''."fl'  -'  '■>   ].''       C'^'^     Lie. 

WELL  USE         ^''  -^    '  *- 

SOURCE  OF  INFOi  WELL  APPROP.    i 

DRILLER  _<ii^     OWNER   USGS. 

OTHER:      


scs 


/g< 


HAS  WELL  LOCATipN  BEEN  VERIFIED 

BY  WHOM     ^,    /^tfJ-:  r^  '!        AGENCY  Z*^/?/^    '- 
DATE  VERIFIED 


-^::^/$ 


MEAS.  POINT  ABOVE  LSD 
TOTAL  DEPTH  BELOW  LSD       . 
PUMPING  LEVEL  BELOW  LSD. 
SWL*  BELOW  LSD 
YIELD  IN  OPM 
WATER  TEMP.°C 
SPECIFIC  COND.  It  2S  C 

MBMQ  FILE  NUMBER       

DNR  FILE  NUMBER  

WELL  FORM  NUMBER     

MBMO  WQ  LAB.  NUMBER  

SYS  3000  NUMBER    

OTHER:    


ft. 
♦L 
ft. 
ft. 


DATE 


LITHOLOOIC  LOO 

INTERVAL  (FT.) 

DESCRIPTION 

FROM 

TO 

^  r 

--^ 

/  /^^-'L  ;'-  J  ^^e 

^ 

^ 

i^  ^  y 

> 

JZ. 

:J  ^^)i   ■  -  ■  'JL 

„ 

■'%_J 

Z' /^y<  '  .£  y"3  :  c 

^    ! 

Z^  -^  y 

-' 

.  /^'-'.' .  "'/->':: 

f-s- 

-~     X  -  r  ^  0  :  c 

-    .'     ■"' 

-?f 

.  ^  ^'/,  v'  "^^''^ 

■         n 

--„ 

,.'  ■  ^^r_  ^  '.  '^  < 

-         ,- 

_  ^-^  i^  <.  ~j  ^■'  • 

.^■i 

^<y^J/'  :~js^j  ' 

j        ~'       •> 

,       --   ^>r^.-^ 

.  -  _ 

/7^ 

^'^  -.<  <;  :,  ^-1  '■>  c 

■  -  > 

Z^'-, 

::.\-^  c^y^-- 1  ■< 

"  -'i 

Z^^" 

^.  ^i  r  "^  '-"^  -'  i  ■-'  ''■^  -J  ■  'f  ^ '-':  ~  / '-." 

r  '  "7 

z^s 

^ '  /^  '^  :i~  :  -J  f 

-^  .-^  .-^ 

-  5;t 

;  ^      .   /  -r    V 

1-  i^ 

J  03 

'       ^^  i  ^~  ■  fJ  L 

:■  0^ 

.■'  'J  J 

;,/■   ;    ~  J 

Z<:"^ 

"'■'  ■'-, 

'■  v»   r  --.r  ,jf     -  /^  -  ^y  /y      -^  ..;  r      -  '   ,J  r 

3j.i, 

SZ'  8 

i/  7'"  ^ 

■:-3  8 

-'  '>  .■"■. 

ii'^fZ~0'>t     '     /X'l^'fJ      fA'll     ■'}«.'- 

Tvf 

A'/  ^ 

^3n;!- 

1 

1 

'>l 


,:. 

...  : 

■:■ 

.-»-i 

jX.. 

.;. 

• 

• 

:fv 

-• 

•:• 

] 


-*:  A 


tKCTCf  WAT 


^  .<: 

-   ^C- 

r^-" 

.-  -'-    , ..' " 

" 

~  0     .; 

^ 

' 

^■ 

Wlf/S' 

.'//<j. 

/^>  ~ 

-/»■ 

:y^ 

>ct. 

/^  > 

'*'/' 

J---    ^:./^c 

'/ 

t^< 

.■  : 

•F  -  FLOWING 
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J<^" 


C-12 


MONTANA  BUREAU  OF  MINES  AND  GEOLOGY 
WELL-DATASHEET 


X 


COONTV      *w^AS  CA  dC 


T.ilO^ 


.-il-iw^ 


sec. 


J^ 


TRACT 


A/"?  PC 


LAT. 


LOMO.  . 


UTM 


TO»*N  . 


suaoivisioN 


OWNCn'S  NAME 


C^^/g^nA;  .t   V/A'tf  A     AO,AjDr 


M.OCK 


L^T 


AOONCSS 


Ar>jr  (^^-A  ^/^i^A  L^:.le^J*tT 


FHONC  NUMI 


veAR 


ALT.  LANO  SURF.  AT  WCI.L  MSI. 
TOTAL  OCf^M  BEUOW  1_$0 
PUMPING  LEVEL  BELOW  LSO 
STATIC  WATER  LEVEL*  BELOW  LSD 
YIELD  IN  GALLONS  PER  MIN. 
MOW  TFSTFn        ^Ai   \Cfi. 
IF  F,  SHUT.4N  PRESS.  IN  PSI 


ft. 
«. 
ft. 
ft. 


TIME  (HR.). 


QEOLOOICAL  SOURCE  OF  H.O .  ^Vl/l/d  <^  fn  A^g. 


>►» 


2 


^\^ 


CASING  DIA 


in.   FROM  . 


Jilizjcl. 


.  ft. 
.ft. 


TO 
TO 


/A<? 


ft. 

ft. 


CASING  TYPt 
PCRFORATEO  INTERVAL  . 


.ft.   TO. 

.  n.  TO 

ft.   TO 


ft. 
ft. 
ft. 


PERFORATION  OESC. 
PUMP  SIZE  (MP.) 


TYPE 


Jaa/.  »g,  l^?H 


DATE  WELL  COM»>LrTEO 

HOW  DRILLED  i^^Afl>l<° 

BY  WMOM       /7/j/^Oi.     f/>AlJ<\,Aj         Lie.        S*7 

WELL  USE  D:>neiT,c   -  Uajjkj  ^  Cot^RAe./^ 

SOURCE  OF  INFOi  WELL  APPROP.       A 

DRILLER OWNER USQS SCS  

OTMERi    


YcL 


HAS  WELL  LOCATION  BEEN  VERIFIED 

BY  WHOM  HfCl^U^t^   i\r  .'Hit     AOENCV   t\(^t\G 

DATE  VERIFIED (^ /^    7^  ?1 


MEAS.  POINT  ABOVE  LSD 
TOTAL  DEPTH  BELOW  LSD 
PUMPING  LEVEL  BELOW  LSO. 
SWL*  BELOW  LSD 
YIELD  IN  OPM 
WATER  TEMP.'c 
SPECIFIC  COND.  «  29  C 

MBMQ  FILE  NUMBER       

ONR  FILE  NUMBER  

WELL  FORM  NUMBER     

MBMO  WQ  LAB.  NUMBER  

SYS  2000  NUMBER    

OTMERi 


ft. 
ft. 

n. 

ft. 


DATE 


u. 


liis. 


LITHOLOOIC  LOO 

INTERVAL  (FT.) 

OeSCRlPTlON 

FROM 

TO 

a 

ar? 

<^AAj[).  ^//r 

1o 

/ao 

^/a^ia)   H/^iY-r 

l^a 

/\L 

u/ATr^    er^AiAJ6>    i^/L/Jir^A/e. 

\ 

•MITCM  MA* 


REMARKS! 


-f 

-\ 

1. 

-^ 

■■ 

■• 

-:■ 

•r  •  FLOWING 
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/j  '  vrl^l. 


C-13 


COUNTV 


MONTAMA  BUREAU  OF  MINES  AND  QEOLOQY 
WELL-DATASHEET 


/^scAL>e 


T.      Z'?    ftm^  R._i_(iVw 


SEC. 


2A. 


TRACT 


QDcD 


LAT. 


N.       LONG. 


LTTM 


TOWN 


SUBDIVISION 


BI.OCK 


LOT 


OWNER'S  NAME 


S^/^AJ     Pe.Skf> 


ALT.  l_ANO  SUPF.  AT  W€LL  MSL 
TOTAL  DEPTH  BELOW  LSD 
PUMPINa  LEVEL  BELOW  LBO 
STATIC  WATER  LEVEL*  BELOW  LSD 
YIELD  IN  QALLONS  PER  MIN. 
HOW  TESTED 


y^:3 


12_ 


'lA. 


.  n. 

n. 

.«. 

.ft. 


TIME  (MR.). 


IF  F,  SHUT-IN  PRESS.  IN  PSI 


QEOLOGICAL  SOURCE  OF  H^O  . 


/'7.^?A^/^.  I 


f:>AJ 


CASING  DIA  i<lZ?ln.   FROM. 
5Su,\n.   FROM. 

CASING  TYPE 

PERFORATED  INTERVAI 


_i£l 


.  n.  TO 

.  «.  TO 


SO 


2o_ 


. n.  TO. 

n.  TO 

.  n.  TO 


PERFORATION  DESC. 
POMP  SIZE  (HP.) 


TYPE 

DATE  WELL  COMPLETED  

HOW  DRILLED  (C/"i  C'-.  I  €, 


^~jfi^. 


P/atf/zyz^ 


BY  WHOM    Pfi'T  G>y  f^  Nie. 


LIC. 


;>ift 


WELL  USE  On/^P'.fx..    l^:  ,^uyAj*  C^aKJ/S'', 

SOURCE  OF  INFOi  WELL  APPROP.  V 

DRILLER OWNER USQS SCS  

OTHER:  __^_ 


:^^ 


HAS  WELL  LOCATION  BEEN  VERIFIED 

BY  WHOM  //^A  r^/^rJ  /icoO.P  AGENCY  fl.fii  ■h.C 

DATE  VERIFIED  ^^/  f^  V  Ag  2. 


MEAS.  POINT  ABOVE  LSD 
TOTAL  DEPTH  BELOW  LSO 
PUMPING  LEVEL  BELOW  LSD 
SWL*  BELOW  LSO 
YIELD  IN  OPV 
WATER  TEMP.'c 
SPECIFIC  CONO.  at  2S  C 

MBMG  FILE  NUMBER       

DNR  FILE  NUMBER  

WELL  FORM  NUMBER     

MBMG  WQ  LAB.  NUMBER 

SVS  20OO  NUMBER    

OTHER:    


tt. 
ft. 
«. 

n. 


Zf_ 


?a2. 


DATE 


REMARKS: 


•F  -  FLOWING 

MBMG  Form  182   (9/79) 


PHONE  NUMI 


ADDRESS    STack^TT    nr  ^-fiSO 

YEAR 


.ft. 
ft. 


ft. 
ft. 
ft. 


LITHOLOOIC  LOO 

INTERVAL  (FT.) 

DESCRIPTION 

FROM            TO 

1     a 

r:r,p  c,o, ! 

2          /^ 

brquaj    :^^f^Dy   ^t/T 

/6        ,^7 

/  ,  r-,frr  /?/?ouja/   ^.^wDy  cja-/ 

H7       5B 

l?,RakCf\J   ^^>oDSTo^^  ri-  ^aT^/^ 

-8 

70 

<>/3.Ay    r^n.e.PrJ    SHr^l^ 

\                             1 

1 

1 

1 

^sr: — ...  n-  ..jp^  tL*»*t- ' 

■ 

: 

■ 

■ 

•■ 

*i 

If- 

T 

:f 

-' 

r 


C-14 


^  -WiJ  ^^/ca-^^^  ^e^''"'''"' 


l-t 


COUNTY 


MOMTANA  BUREAU  OF  MINES  AND  GEOLOGY 
WE LL-OATA  SHEET 


,/^-S  JxCC. 


J±'^y 


n.A^. 


Ctf  > 


MC. 


/I- 


THACT 


/\A  I 


hBAA 


l-AT. 


LONO. 


UTM 


TOWW*  . 


•USOIVIBION 


OWNCN 


» NA*.t    ^/t^f^/^t:   .<^:rAi  ^ 


■COCK 


U>T 


AOOMCSS 


v"  ^/  1^-^'^  f  I   y^'~T 


M40NC  NUMI 


VCAR 


ALT.  I^AMO  SURF.  AT  ««Cl.L  MSC 
TOTAL  OCPTM  BEUOW  uSO 
PUMPINO  LEVEL  BELOW  LSO 
STATIC  WATER  LEVEL*  BELOW  LSO 
VIELO  in  OALLONS  MR  MIN. 
MOW  TESTED      ^   ^    -C  [> 


n. 

ft. 

.  n. 


TIME  <W.)         — 


IF  r .  SHUT.«N  PRESS.  IN  PSI 


OCOLOOiCAL  SOURCE  OF  HO      ^-^  t  '  ^^  '^ 


CASINO  OIA. 


CASING  TYPE 


In.    FROM  . 
t«l.   FROM. 


■::> 


. «.  TO 

.  n.  TO 


.V7 


n. 
n. 


^z^'c-^  (:"  2-c  *^^/rt  , 


PERFORATED  INTERVAL  . 


.  ft.   TO. 
ft.   TO 
ft.   TO 


ft. 
ft. 
ft. 


PCRFORATION  DCSC. 
PUMP  SIZE  (MP.) 


TVPt 


3  -  Q>4 


DATE  WELL  COMPLETEO  _ 

MOW  OniLLEO         ta-^/?^<?        '^  ^  <- 

BY  «VX>M     TfiQ'^^:.    r.i^/i/'J  ^  '  I'J   UC 

WELL  USE  L   O  f*^t  :i  "    I    C 


SOURCE  OF  INFOi  WELL  A^PROP.     

ORILLER OWIfNCR      ^^        USOS. 

OTHER: 


scs 


1±A. 


HAS  WELL  LOCATION  BEEN  VERIFIED 

'^'^    '■'         AOENCV   /^S  '^  h 


BY  WHOM      ^    <."^f  ^ 


DATE  VERIFIED  <^  '    /    '    8  2- 


MEAS.  POINT  ABOVE  LSD  

TOTAL  DEPTH  BELOW  LSD       

PUMPING  LEVEL  BELOW  LSO 

SWL*  BELOW  LSO  /  h  J  -^   1 

YIELD  IN  OPM  

WATER  TEMP.°C 

o 
SPECIFIC  COND.  •(  23  C 

MBMQ  FILE  NUMBER       _ 

DNR  FILE  NUMBER  _ 

WELL  FORM  NUMBER     _ 

MBMO  WQ  LAB.  NUMBER 

SYS  2O00  NUMBER    

OTHERi    


ft. 
ft. 
ft. 
ft. 


DATE 


-Mf^ 


V 


LITHOLOOIC  LXX2 

INTERVAL  trr.) 

DESCRIPTION 

PROM 

TO 

o 

^D 

t^C^l/^i.     tj^:r~         ^-J-^^ 

1     ^  ^ 

IZS- 

^-/LlA-y    ■  .".■  -'  V 

/■/^ 

<<:,A^yi  -   .■  '•    'C/^c 

'  /-/^ 

/J-6 

J  ;  /^  f   r.  "^  0  •■»  £ 

...  .  ,  ...^ 

.  V->' 

r,t\i 

'^^'tj 

REMARKSl  . 


-i^-  :5  3^^/f.i" 


,....- 

•• 

^ 

r 

•:■ 

-47^^  /S./'C 


•F  -  FLOWIf«0 

MSMG  Form  183   (9^79) 


C-15 


COUNTY 
LAT.  


MONTANA  BUREAU  OF  MINES  AND  GEOLOGY 
WELL-DATASHEET 


N.        LONQ. 


T. 


-JJWS 


W. 


LTTM 


_^^W        SEC. 


TRACT 

E 


;^:^ 


TOWN  . 


OWNER'S  NAME 


■;  r^  ■-'/ 


SUBDIVISION 


y  /;      /_'  V/^^^y 


BLOCK 


LOT 


ADDRESS 


/»'■.' L   ., '.  -^ 


'     y^' 


PHONE  NUM( 


YEAR 


ALT.  LAND  SURF.  AT  WELL  MSL 
TOTAL  DEPTH  BELOW  LSD 
PUMPING  LEVEL  BELOW  LSD 
STATIC  WATER  LEVEL*  BELOW  LSD 
YIELD  IN  GALLONS  PER  MIN. 

MOW  TESTED ^ ^     '"  S  '^ 1 

IF  F.  SHUT-IN  PRESS.  IN  PSI  


QEOLOGICAL  SOURCE  OF  H.O 


, —  -     ■) 

«. 

/J/ 

«. 

/  20 

ft. 

■■■/4 

ft. 

/  f~ 

MF  <MR.) 

"J'-'VOlS^X-    t-txc'.A^-- 


CASING  DIA.             In.    FROM            -^ 

-ft. 

TO  . 

t^  -^ 

_ft. 

l-ln     FnrtM          ^''  ^ 

-ft. 

TO  . 

/    7     ' 

.  ft. 

(-ASI'>"^  TyPf 

WDFnDATFn  INTFnVAl              /  Z    C^ 

-ft. 

TO_ 

/J ' 

_ft. 

.ft. 

TO  . 

.  ft. 

.  ft. 

TO   . 

_  ft. 

oropoRATinN  ne%tL. 

PIIMPSI7F  IHP.I                                 TVPC 

Jrfi 


DATE  WELL  COMPLETED  ____^ 

HOW  DRILLED       -!.  '-'-'  ^  ^-^      UK  '    '-■. 

BY  WHOM      /"^  ~    <L   '^X    z^^*  ^ Lie. 


/z 


WELL  USE  . 

SOURCE  OF  INFOi  WELL  APPROP.         '- 

DRILLER OWNER       "'  USDS. 

OTHER: 


SCS 


'/r 


HAS  WELL  LOCATION  BEEN  VERIFIED 

BY  WHOM    -Vf.^'   ^-'^  >"  '"    '■'  AGENCY <±l^f_^ 


/ 


-  f-  ez. 


DATE  VERIFIED 

MEAS.  POINT  ABOVE  LSD 

TOTAL  DEPTH  BELOW  LSD 

PUMPING  LEVEL  BELOW  LSD. 

SWL*  BELOW  LSD 

YIELD  IN  OPV 

WATER  TEMP.'c 

SPECIFIC  COND.  at  29  C 

MBMQ  FILE  NUMBER       

DNR  FILE  NUMBER  

WELL  FORM  NUMBER     


ft. 
ft. 
.  ft. 
ft. 


DATE 


LITHOLOOIC  LOO 

INTERVAL  (FT.) 

DESCRIPTION 

FROM 

TO 

0 

Zc 

~j5/^.5a  'C 

2  0 

2".  <j 

C'J'^C  c 

3'^ 

^0 

:-'^'Jtc~o-JC    '^'^y<  J": 

'^  r' 

v'  3 

C-  ^  '■'t  -:  ~  --  'J  f 

SB 

^0 

^//-^^^ 

c^ 

9o 

■'/f'^l  /:  '■^j-i,/  ---    ^ if  .Ji  :  -■"  '-<■' 

■'0 

^  - 

•'Vx'A       J^.'^^i 

97 

nc 

i^  ^(.0  -'  A^uc  ~  v  C-^ ^t .•:  ~o fit 

1  ^ 

^-     C/C  'J  "-  'J  ■  ~c 

.'  z^ 

^<>^/  s-'o-^  £ 

1 

MBMO  WQ  LAB.  NUMBER  . 

SYS  3000  NUMBER    

OTHER.  


REMARKSi  _<, 


-    ^" 


...I-.  .. 

^■ 

-!fr1r 

1  ■ 

■  1  ■ 

^^ 


iJ''~^fJ 


t  jJT^. 


■10  y  'O^  /2.S°^ 


•F  •  FLOWING 

MBMG  Form  182   (9/79) 


~V<'.^... 


'.    '* 


C-16 


CtMJN 


TV       \.Af,'..f\?l^ 


MONTAMA  BUREAU  OF  MINES  AND  QEOLOOY 
WELL-OATA  SHEET 


z/^ 


or» 


X^-w 


»ec.  Z 


J 


THACT 


AAAP 


LAT. 


TOV*»<  , 


LONO.  . 


SUBDIVISION 


OWNCR'S  NAME 


A\.kr       Kf^VuWfK 


LTTM 


ADOnCSS 


LOT 


PHONE  NUMI 


YEAR 


ALT.  I^ANO  SOBF.  AT  WELL  MSL 
TOTAL  OCPTM  BELOW  LSO 

pumping  level  below  lso 
static  water  level'  below  uso 
vielo  in  gallons  per  MIN. 


ft. 
ft. 
n. 
ft. 


LITHOLOOIC  LOO 


INTERVAL  (FT.) 


PROM 


MOW  TESTED  ^-_ 


.  t:Al 


TIME  (HR.)^ 


■0/',/^ 


IF  P.  SMUTIN  PRESS.  IN  PSI 


OEOLOOICAL  SOURCE  OP  H^O L.  t  <^?  (^ ~  !   ^  '■-' ^ 


/y/)cj,j.pA> 


M. 


'^n    I  no 


CASING  Ol 


A.^ 


in.    PROM  . 
In.    PROM. 


c 


TO 
TO 


ft. 


CASING  TYPE  - 
PERFORATED  INTERVAL  . 


^/'-C'  J^ 


ft. 
ft. 
ft. 


TO. 

TO 

TO 


ft. 
ft. 
ft. 


PCRFORATioN  oesc. 

PUMP  SIZE  (HP.) 


TYPE 


DATE  WELL  COMPLETED  Cr,/ ^  H  /     C6 

HOW  DRILLED         /^  //0(^  x\7       Oil.  I   1 1 

ev  WHOM  ^  -    ^      f  IDa[) 

WELL  USE  l?  n  /-V  ^  ■■  /  '^-^ 


Lie. 


SOURCE  OF  INFOi  WELL  APPROP.     _i 

DRILLER OWNER  USOS. 

OTHER  1  


scs 


x^ 


HAS  WELL  LOCATION  BEEN  VERIFIED 

Bv  WHOM  f/^r/y^PK^  Ah  i,  <^ AGENCY  /*J/1  nCr 

DATE  VERIFIED 


r;//a/  22 


llO. 


MEAS.  POINT  ABOVE  LSO 

TOTAL  DEPTH  BELOW  LSO       . 

PUMPING  LEVEL  BELOW  LSO. 

SWL*  BELOW  LSO 

YIELD  IN  OPM 

WATER  TEMP.'c 

SPECIFIC  COND.  It  2»  C  '  '    (f   [ 

MBMO  FILE  NUMBER       

ONB  FILE  NUMBER  

WELL  FORM  NUMBER     

MBMO  WQ  LAB.  NUMBER  

SYS  2000  NUMBER 

OTHERi    


ft. 

ft. 

.  ft. 

ft. 


DATE 


k/j^ 


Pi 


u/jo/f'K 


REMARKSi 


•r  •  PLOWtNO 

MBMO  Form  183    (9^9) 


■V!^ 


OeSCRIPTION 


IM 


/'^r  /'...i.  V 


Sif^f    iTjr^f. 


33^^ 


tMITCMMAP 


•    ■:* 


C-17 


COUNTY 


LAT. 


^/S^^^l^ 


MONTANA  BUREAU  OF  MINES  AND  GEOLOGY 
WELL-DATA  SHEET 


N.        LONG. 


r.ZiljS> 


orS 


W. 


ilZi 


UTM 


orW        sec. 


/? 


TRACT 

e  _ 


Af73 


TOWN 


SUBDIVISION 


BLOCK 


LOT 


r. 


OWNER'S  NAME 


^7^ — 


FHONE  NUMI 


ADDRESS        ^<>0    rc^cCr.      .    A-X     ?/ 
YEAR  ■^e^ 


ALT.  LAND  SURF.  AT  WELL  MSL 
TOTAL  DEPTH  BELOW  l_SO 
PUMPING  LEVEL  BELOW  LSD 
STATIC  WATER  LEVEL*  BELOW  LSD 
YIELD  IN  GALLONS  PER  MIN. 

HOW  TESTED 1 

IF  F,  SHUT-IN  PRESS.  IN  PSI  


aEOLOOICAL  SOURCE  OF  H,0  . 


J-^Jd 

tl. 

''i^9 

ft. 

ft. 

n. 

MF  (MR.) 

AtfiTP'ScO  LI-fK-vVjv^ 


/"ACiMfi  rwtk.               In     rnoM 

ft 

TQ 

ft. 

In      PBOM 

_«. 

TO 

ft. 

f;A<JIMfl  TYPF 

PFRFORATFD  INTFRVAI 

_  ft. 

TO 
TO 

ft. 

ft. 

_ft. 

TO     , 

ft. 

PFRFORATIDN  flFSC. 

PUMPS17F  (HP.)                              TVPt 

DATE  WELL  COMPLETED  . 

HOW  DRILLED  

BY  WHOM  

WELL  USE 


O^y^r    Jf> 


-^^  'i    ^  }^ 


Lie. 


SOURCE  OF  INFOi  WELL  APPROP.     

DRILLER OWNER  _^ USQS. 

OTHER:   


scs 


HAS  WELL  LOCATION  BEEN  VERIFIED 


r^ 


'  ■  oSsc("-"^ 


^*19^L 


BY  WHOM  /  ■   0:S.3el'*-t-  AGENCY 

DATE  VERIFIED   '-^      /   P      g  .«■ 

MEAS.  POINT  ABOVE  LSD  ft.  DATE 

TOTAL  DEPTH  BELOW  LSD       fL      

PUMPING  LEVEL  BELOW  LSD ft.     

SWL*  BELOW  LSD  /^7    "^^      ft.        :.-/g-»^ 

YIELD  IN  QPM  

WATER  TEMP.°C  

SPECIFIC  CONO.  at  25  C 
MBMO  FILE  NUMBER 
DNH  FILE  NUMBER 
WELL  FORM  NUMBER 


n 


7  oo. 


C-     '<<    f^ 


MBMG  WQ  LAB.  NUMBER  . 

SYS  2000  NUMBER    

OTHER: 


'^^Q  oZC-/ 


LITHOLOQIC  LOO 

INTERVAL  (FT.) 

DESCRIPTION 

FROM 

TO 

yOc   i^6 

ii>/f<^f''fy    +0       'ot    r'A     AU->''-i.y-. 

/  .Tmc  <rtrrr^jL.       -  ■^--^ncr 

1 

tKITCH  MAT 


REMARKS: 


0  ---'Kf 


i=<7 


'-^ 


l/li     ..t-^,J«J- 


■^»  fBt. 


.v»  ) 


>    /lA^-«.vJ 


/■-''•^J 


— "r 


4> 


^y 


•F  •  FLOWING 

MBMG  Form  1B3   (9/79) 


C-18 


MONTANA  BUREAU  OF  MINES  AND  QEOLOOY 
ME Lt-OATA  SHEET 


COUNTY 


C/iS,CAf)^ 


T.Zl^X 


\.J^_(t^>M        »tC.  1^ 


THACT 


/1/^P/? 


L>T. 


N.        L0#«0.  . 


l/TM 


TOWK 


SUK>IVISION 


OWNCR'S  NAME 


M.OCK 


LOT 


Ge-oRC^c     S>oHA 


AOOHESS       J:>/}/\y'i^    ^o^/ec 


^HONC  NUMI 


YtAR 


ALT.  LAND  SURF.  AT  tWCLL  MSL 
TOTAL  0€«n-M  B£LOW  l_SD 
mjMPINO  LEVEL  BELOW  LSO 
STATIC  WATER  LEVEL*  BELOW  LSO 
YIELD  IN  GALLONS  PCR  MIN. 


n. 

^Li2 n. 


MOW  TESTED 

IF  F,  SMUT -IN  PRESS.  IN  PSI 


OCOLOOICAL  SOURCE  OF  HO  . 


TIME  (HR.). 


CASINO  OIA. 


CASING  TYPE 


—    In. 

In. 


FROM  . 

FROM  . 


.  n.  TO 

.  ft.  TO 


.  n. 
n. 


PERFORATED  INTERVAL  . 


. rt.   TO. 

n.  TO 
n.  TO 


n. 
n. 
ft. 


PERFORATION  oesc. 

PUMP  SIZE  (MP.) 


TVPt  . 


DATE  WELL  COMPI.ETEO  . 

HOW  DRILLED  

BY  WHOM   

WE  LL  USE  


Lie. 


SOURCE  OF  INFOi  WELL  APPROP.    

DRILLER OWNER       ^  OSQS SCS 

OTHER:    /^,r:f     Jt^  iJU  1 1  A 


^f^ 


HAS  WELL  LOCATION  BEEN  VERIFIED 

BY  WHOM  //iT^J^f^J   /\iaf>    C   AOENCY/2/2Z?Z^ 

DATE  VERIFIED   .^//O/ P-^ 


--'/  ' 

MEAb.  POINT  ABOVE  LSD  _ 

TOTAL  DEPTH  BELOW  LSD       _ 
PUMPINQ  LEVEL  BELOW  LSO  _ 

SWL*  BELOW  LSO  

YIELD  IN  OPM  _ 

WATER  TEMP.°C 
SPECIFIC  CONO.  M  2S  C 

MBMQ  FILE  NUMBER       

DNR  FILE  NUMBER  

WELL  FORM  NUMBER     

M8MO  WQ  LAB.  NUMBEM  . 

SYS  2000  NUMBER    

OTHER'    


ft. 
ft. 
♦t. 

♦L 


OATE 


LITHOUXIICIjOQ 

INTERVAL  (FT.) 

DESCRIPTION 

1     FROM 

TO 

1 

1 

1 

[ 

1                                                                                                             1 

!                                                                                                                      I 

! 

1 

1 

REMARKS!  . 


iii 


•F  -  FLOWING 

MBMG  farm  183   10/79) 


C-19 


(f,^tU-f^-'  ^ 


AJ»-    '• 


.*ft 


MONTANA  BUREAU  OF  MINES  AND  GEOLOGY 
WELL-DATASHEET 


COUNTY 


C^  <:.^A  De 


11^^ 


^ 


%)orm       SEC. 


I^ 


TRACT 


AAJ2P 


LAT. 


N.       LONG. 


UTM 


TOWN  . 


SUBDIVISION 


SLOCK 


LOT 


OWNER'S  NAME 


■^ w  /c  /g  s     ^T^  /I  /^/  a/^ e/2 


ADDRESS      .C^/t/zQ    Ca^/<rr    /^f. 


PHONE  NUMI 


YEAR 


ALT.  LAND  SURF.  AT  WELL  MSL 
TOTAL  DEPTH  BELOW  LSD 
PUMPINQ  LEVEL  BELOW  LSD 
STATIC  WATER  LEVEL*  BELOW  LSD 
YIELD  IN  QALLONS  PER  MIN. 

HOW  TESTED TIME  (HR.)  _J2^ 

IF  F.  SHUT-IN  PRESS.  IN  PSI  


2  O 


OEOLOGICAL  SOURCE  OF  H^O J./  f*\C.\/   7'^  ^ 


(^//*L^,-<^/^i 


•■^/'x;^>(Q/vy 


CASING  OIA. 


In.   FROM  . 


O 


ft.   TO 


Jy^ 


(kSf  In.   FROM         ^^       «.   TO    /   FS^    ft. 
CASING  TYPE  ^/r.&-/ 


PERFORATED  INTERVAL . 


tt.    TO  . 
ft.   TO 
.  ft.    TO 


ft. 
ft. 
ft. 


PERFORATION  0€SC. 
PUMP  SIZE  (HP.) 


TYPE  . 


DATE  WELL  COMPLETED 

HOW  DRILLED  ^/^  /^  /€■ 

BY  WHOM  '^  "^ 


^/-C/^/ 


/^^r  /^y/?r/^^      Lie.  :?/^ 

WELL  USE  Z?Q/*!£S/7   < 

SOURCE  OF  INFOi  WELL  APPROP.         "><1_ 

DRILLER OWNER  USQS SCS  

OTHER: 


:i£j^ 


HAS  WELL  LOCATION  BEEN  VERIFIED 

BY  WHOM  /^rcy^fli^  f^tioQP  agency  A\(i/^(^ 

DATE  VERIFIED  If}/'  ^/  P^ 


MEAS.  POINT  ABOVE  LSD 
TOTAL  DEPTH  BELOW  LSD      . 
PUMPING  LEVEL  BELOW  LSD. 
SWL*  BELOW  LSD 
YIELD  IN  OPM 
WATER  TEMP.°C 
SPECIFIC  COND.  at  2S  C 

MBMQ  FILE  NUMBER       

DNR  FILE  NUMBER  

WELL  FORM  NUMBER     

M8MO  WQ  LAB.  NUMBER  

SYS  2000  NUMBER    

OTHER: 


ft. 
fL 
ft. 
ft. 


jLO_ 


DATE 


REMARKS 

/r  S/A 

/>J//^6 

ofu 

/'/u/^A'  ^<c 

!>''  "  €'l 

//^e  <. 

'£>/<( 

o^e./l 

^/*ucA 

."^ 

•F  -  FLOWING 

MBMG  Form  182   (9/79) 


LITHOLOOIC  LOO 

INTERVAL  (FT.) 

DESCRIPTION 

FROM 

TO 

n 

/^ 

r^/o  ,io.  / 

//5 

30 

Ve/Zr,  ^  /^iroU  y     /^  //a  /    /nj'V^t 

^o 

.7^ 

.'^fi/^A    /i,n/iue.l     i^i^f^n.      .jiTM 

5c fr  \f=/tcj^->    C-iA>-, 

s^ 

/az 

^/?/^y    .S//r             *" 

/  2  i 

/VT" 

/^^o'cJa^   .c^z-j/^Oy    LiiT 

/V7 

/.TX 

j[\ii,OL^f~j    SnruO 

/.r2 

/.5-V 

{^(RoKi^r^J     S/^rJC  S/o^uC   A/uO 

S/)rjDy  /:/z^ue.l  /-i'^Ai  i^f>  Tr/^ 

/C^ 

/S7 

Ano'^Aj   S/^f^O 

1^7 

/^o 

.Sot^r   ilfi.Q'-'^  t^^/Ay 

/^o 

/6R 

A/7.Q<^^   S^/^^D    r\iod  ^nTr/^ 

/  6A 

/^s 

ZS^o/^Caj  ///»7(f  ir»r^<r,  .J.'^~'0 

^y2w<je/   p.K/O    '<y/^rri^ 

/V/l  CP/^-f-) 

IKCTCH  MAT 


•:j 

-f 

-1 

V: 

.; 

•• 

^^,„^  Llc^A'/r^', 


•  i\C 


C-20 


MONTAMA  tUREAU  OF  MINES  AND  GEOLOGY 
WELL-DATA  SHEET 


/> 


COON  TV 
t>T.   


^A^C/!  0£ 


— ^u^< 


N.        LOMO.. 


TOwm 


SUKMVItlON 


OWNCn'S  NAME 


iL'i 


CTTM 


W        MC. 


THACT. 


BLOCK 


LOT 


'^£o^c>a    A>y^^:^^ 


ADONCSS 


-7 


^.^fc    ^r.>i.^^  V^^   ^ 


M-K>NC  NUMaCR. 


YCAR 


ALT.  LAMO  SURF.  AT  WCLL  MSL 
TOTAL  OCPTH  BELOW  lSO 
PUMPING  LEVEL  BELOW  LSO 
STATIC  WATER  LEVEL'  BCLOW  LSO 
yiELO  IN  GALLONS  PER  MIN. 
MOW  TESTED 


f^P 


:^2-^ 


/w»  i" 


.  n. 
.  tt. 
-ft. 

.n. 


TIME  (HR.). 


\P  F.  SHUTHN  PRESS.  IN  PSI 


QEOLOGICAL  SOURCE  OF  M.O — '^■^  i>  > ^O  ^ 


^^"^£  ir~ 
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In.    FROM  . 


TO 
TO 


€3 


n. 
n. 


PCRFORATCO  INTERVAL  . 


.ft.   TO. 

.  n.  TO 

.  n.  TO 


.  n. 
ft. 


PERFORATION  oeSC.  

PUMP  SIZE  (MP.) 

DATE  WELL  COMPLETED 

MOW  DRILLED  ^^  "^^A*   '^ 

BV  WHOM 

WELL  USE 


TYPE  ^i-CC.    Sy^S^i*^^. 


uc. 


Lc 


'<:^""  's 


SOURCE  OF  INFOi  WELL  APPROR 
DRILLER OWNER  _i:^       USOS 

OTMERi 


^ 


scs 


MAS  WELL  LOCATION  BEEN  VERIFIED 

BY  WHOM    P'^C'^^  f^r^    '-^  AOENCY 

DATE  VERIFIED        k^   '  n   ~    Si— 


ilA 


*^/?/^-'<:j> 


MEAS.  POINT  ABOVE  LSD  «• 

TOTAL  DCPTM  BELOW  LSD       fL 

PUMPING  LEVEL  BELOW  LSO ft. 

SWL*  BELOW  LSO ♦»• 

YIELD  IN  OPM  —     ->     

WATER  TEMP.'c  / ^  -^    ^ 

SPECIFIC  COND.  «  25  C  lOH 

MBMO  FILE  NUMBER 

ONR  FILE  NUMBER  _— 

WELL  FORM  NUMBER . 

MBMO  WQ  LAB.  NUMBER  . 

SYS  2O00  NUMBER     

OTMERi 


OATE 


LITHOLOOIC  LOO 

INTERVAL  (FT.) 
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PROM 

TO 

o 

r^ 

/7z./_     ■'"    .■^'.d'-y     '"o^-'^'^ 
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r  J  w  y 
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2-?! 
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J'^irr  ^  y^ /TTE 'J~^      C /I '•J' -•  ^■'■' ''- 
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\ 
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MONTANA  BUREAU  OF  MINES  AND  GEOLOGY 
WELL-DATASHEET 


COUNTY 


C/^'.c/^Dc 


T. 


11.^ 


»n 


■Jd^ 


orW       tec. 


n. 


TRACT 


OADR 


LAT. 


N.        LONO. 


l/TM 


TOWN  . 


SUBDIVISION 


•LOCK 


COT 


OWNER'S  NAME 


r.^^.K     Pdo 


ADDRESS 


P>oic  fV  i7>4P./?T  IrAG^It, 


ALT.  LAND  SURF.  AT  WELL  MSL 
TOTAL  DEPTH  BELOW  LSD 
PUMPINO  LEVEL  BELOW  LSD 
STATIC  WATER  LEVEL*  BELOW  USD 
YIELD  IN  GALLONS  PER  MIN. 

HOW  TESTED r  J^'\^ 

IF  F,  SHUT-IN  PRESS.  IN  PSI  

QEOLOOICAL  SOURCE  OF  H.O  . 


3H5  7     n. 

."/g n. 


/lO 


.^J2_ 


TIME  (MR.). 


CASINO  OIA. 


-L-    In.   FROM  . 
In.   FROM. 


<-' 


CASING  TYPE  . 


.f.'^epA 


PERFORATED  INTERVAL  . 


ft.   TO. 
ft.   TO 
.  ft.  TO 


ft. 
ft. 
ft. 


PERFORATION  OESC. 
PUMP  SIZE  (HP.)    ^^ 


TYPE 


Slu. 


DATE  WELL  COMPLETED 
HOW  DRILLED  ^ 

BY  WHOM       ^"/'' 
WELL  USE 


/r?/PV^^/ 


ik 


i^'i^^je^ 


Lie. 


f'tfij.',  <L. 


SOURCE  OF  INFOi  WELL  APPROP.    JL. 

DRILLER OWNER USOS. 

OTHER: 


SOS 


_1^ 


HAS  WELL  LOCATION  BEEN  VERIFIED 

BY  WHOM  /'/,T/^/^^M    PlpO/^C    AGENCY  Z*^ /i  /^  C 
DATE  VERIFIED  


r^/o  r/^a- 


MEAS.  POINT  ABOVE  LSD 
TOTAL  DEPTH  BELOW  LSD       . 
PUMPING  LEVEL  BELOW  LSD. 
SWL*  BELOW  LSD 
YIELD  IN  QPM 
WATER  TEMP. "c 
SPECIFIC  COND.  rt  29  C 

M8MQ  FILE  NUMBER      

ONR  PILE  NUMBER         

WELL  FORM  NUMBER     

MBMO  WQ  LAB.  NUMBER 

SYS  2000  NUMBER    

OTHER: 


2^ 
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.  ft. 


DATE 
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sir    uS:5^ 
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LITHOLOaiC  Loa 

INTERVAL  (FT.) 

DESCRIPTION 
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'  -2-1 

lU 
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-H-^- 
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^^ 

Z^/'/, 

^J7/ 

MOMTAMA  BUREAU  OF  MINES  AMD  OKOLOOY 
WELL-DATA  SHEET 


•  n 


T.   L_(1^o»t 


7     .-Vatw       Mr-         ^  V  THACT_LAild. 


N.       LONO.. 


OTM 


TOWN 


OWHCN'S  NAME 


SOMXVItlON  


■COCK 


COT 


AOORCU      ~-.^:^L    ■J'^'"  l^  ^  , 


Ml 


YCAR 


ALT.  LAMO  SonF.  AT  WCLL  M»C 
TOTAL  OCPTM  5ELOW  l_SO 

PUMPINO  LEVEL  BELOW  L$0  

STATIC  WATER  LEVEL*  BCLOW  USD       

VIELO  IN  GALLONS  PCR  MIN.  

MOW  TESTED TIME  (M«.) 

IF  F,  SMOT-<N  PRESS.  IN  P»l   


3CL8Q     ... 
^  'Q         ft. 

ft. 

ft. 


OEOLOOICAL  SOURCE  Of  M.O 


CASING  DIA.  J>e-    M.   FROM  — 
tn.   FROM_ 

CASING  TYPE  .'j^^  ^ 


.i2_ 


ft.   TO 
ft.    TO 


3±_ 


ft. 
ft 


PCRFORATtO  INTERVAL  . 


ft.   TO. 
ft.    TO 
ft.    TO 


ft. 

fl. 
ft. 


PERFORATION  oesc. 

PUMP  SIZE  (MP.)  


TVPC 


OATE  WELL  COMPLJTTEO  . 

MOW  DRILLED  

BV  ¥I^MOM  

WCLL  USE  


Z- JS~  (JiO 


uc. 


SOURCE  OF  INFOi  ¥»€LL  AFPRO^.     

DRILLER OWHER  USOS. 

OTMERi    


■CS 


Ys:s 


HAS  WELL  LOCATION  BCCN  VERIFIED 

■V  WHOM     lJ,/^t   ^-Z  ^^'^    AGENCY  ,C2^J2L<P 

DATE  VERIFIED         C-    C  -    fa  2- 


MEAS.  POINT  ABOVE  LSD 

TOTAL  OCPTM  BELOW  LSD 

PUMPING  LEVEL  BELOW  LSD. 

SWL*  BELOW  LSD 

YIELD  IN  GPM 

WATER  TEMP.°C 

o 
SPECIFIC  CONG.  M  25  C 

MBMO  FILE  NUMBER       

ONR  FILE  NUMBER  

WELL  FORM  NUMBER      

MBMO  WQ  LAB.  NUMBER  

SYS  MOO  NUMBER    

OTmERi 
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.  ft. 

fl. 
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^n. 


DATE 
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A-^t 


C-23 


MONTANA  BUREAU  OF  MINES  AND  GEOLOGY 
WELL-DATASHEET 


COUNTY 


'^/^S  c!/^^^ 


T.  n (2^t.  R._Z.(X^w     sec.  _^_Z_ 


TRACT 


_^A^-' 


LAT. 


N.       LONG. 


W. 


l/TM 


TOWN  . 


SUBDIVISION 


OWNER'S  NAME 


v5^^Z;    lo'^i.LE  'U/'-z^   Us^^6 


■COCK 


LOT 


ADDRESS 


^^  -^^    Co  ^  <  5  f  .     /^ 


PHONE  NUMI 


YEAR 


,   3  ^ 


ALT.  LAND  SURF.  AT  WELL  MSL 
TOTAL  DEPTH  BELOW  LSD 
PUMPING  LEVEL  BELOW  LSD 
STATIC  WATER  LEVEL*  BELOW  LSD 
YIELD  IN  GALLONS  PER  MIN. 
HOW  TESTED. 


3^  eo 


.  tt. 
.  rt. 


/SO     ft. 


Co    <hPAA 


B^  it^ 


TIME  (MR.). 


IF  F,  SHUT-IN  PRESS.  IN  PSI 


GEOLOGICAL  SOURCE  OF  H.O 


CASING  DIA. 


J^Z~. 


ROM. 
In.    FROM. 


J> 


n.  TO 

.  «.   TO 


3> 


.ft. 
ft. 


2^0 'J 


CASING  TYPE  _ 
PERFORATED  INTERVAL  . 


.ft.   TO. 
ft.   TO 
ft.   TO 


ft. 
ft. 
ft. 


PERFORATION  OESC. 
PUMP  SIZE  (HP.) 


TYPE  . 


DATE  WELL  COMPt-ETED 
HOW  DRILLED  ~— -^^^  ^ 


/C-    A'-  -73 


dJ<3  . 


BY  WHOM 


Lie. 


WELL  USE     S/>^t   Co-^ff      iij^'t     C'^l^'^.^ 

SOURCE  OF  INFOi  WELL  APPROP.    

nnil  1  FR      -^   OWNER  USGS SCS  

OTHER:      Z^r>'--^ /*7   '^^  '^    <X<"f<      5^.  I.'aJ.  '■^  y^ 


HA. 


HAS  WELL  LOCATION  BEEN  VERIFIED 

SJ ■  ^i^jsrr^  A-*  i-J       AGENCY  /^6/^'^ 


/ 


BY  WHOM 

DATE  VERIFIED 

MEAS.  POINT  ABOVE  LSD 

TOTAL  DEPTH  BELOW  LSD       _ 

PUMPING  LEVEL  BELOW  LSD. 

SWL*  BELOW  LSD 

YIELD  IN  GPM 

WATER  TEMP.*C 

SPECIFIC  COND.  (t  2S  C 

MBMG  FILE  NUM8CR      

DNR  FILE  NUMBER  

WELL  FORM  NUMBER     

MBMG  WQ  LAB.  NUMBER  

SYS  2000  NUMBER    

OTHERi    


S-  82- 


ft. 
.  ft. 
. «. 

ft. 


DATE 


REMARKSi  . 


aL 


It 
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/8< 

/37 

0/)-rt^  -  S  ^fJ^^~  b'J  i  -   Z-:,''.'. 

/S7 
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MOMTANA  BUREAU  OF  MINES  AMD  0E0LCX3Y 
WELL-DATA  SHCET 


cooNTv     ^/r.r<rv/i^dr 


J±($^x 


^.-^L^^ 
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LAT. 
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LTTM 
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LOT 
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S/*^V     ^rci/i-c^  .  /)7r 


*HONC  NUMI 
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ALT.  LAND  SUMF.  AT  «VCI_L  M>«. 
TOTAL  OCPTM  BELOW  LSD 
PUMPING  LEVEL  SELOW  LSO 
STATIC  WATER  LEVEL'  BCLOW  LSO 
VIElO  in  OALLOM 
MOW  TESTED 

IF  F,  SMUT^N  PRESS.  IN  PSI  

QEOCOOICAL  SOURCE  OF  HO. 


-?^5<9 
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n. 
.  n. 
.n. 
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jL 


tL 
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n. 
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n.  TO 
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n. 


PERFORATION  OCSC. 
PWMMIP  SIZE  (MP.) 


TYPE  . 


DATE  WELL  COMPtXTED  . 

MOW  ORILt.EO  

BY  ¥VHOM   

W«LL  USE  


uc. 


SOURCE  OF  INFOi  WELL  APPROP.         W^ 

DRILLER OWNER       "^  USQS 

OTHER  I   


scs 


/c. 


MAS  WELL  LOCATION  BEEN  VERIFIED 

BY  WHOM      ^'    /^'J^'^^    ''         AGENCY     Z^/^^fe 

DATE  VERIFIED  ^  "  -^   '     °  ^ 


MEAS.  POINT  ABOVE  LSD 
TOTAL  DEPTH  BELOW  LSD 
PUMPING  LEVEL  BELOW  LSD 
SWL*  BELOW  LSO 
YIELD  IN  OPM 
WATER  TEMP.°C 
SPECIFIC  CONO.  M  29  C 

MBMO  FILE  NUMBER       

ONR  FILE  NUMBER  

WtLL  FORM  NUMBER     

MBMO  WQ  LAB.  NUMBER  

SYS  2000  NUMBER    

OTMERi         


n. 

. «. 
fi. 


DATE 


'JzEd- 


L-i-ri. 


LITHOLOQIC  LOO 

INTERVAL  (rT.) 

DESCRIPTION 
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MONTANA  BUREAU  OF  MINES  AND  GEOLOGY 
WELL-DATASHEET 
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^b  € 
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Z/ 


TRACT. 


Pc^e^O 


l_AT. 


N.        LONO. 


W. 
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TOWN 


SUBDIVISION 


OWNER'S  NAME 


'^/^'^^c5<   £'.  /^y<^rc 


■COCK 


LOT 
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:^'--'^  _  0'^<.  J  r    /-^  "^ 


PHONE  NUMI 


YEAR 


ALT.  LANO  SURF.  AT  WELL  M5L 
TOTAL  DEPTH  BELOW  LSD 
PUMPING  LEVEL  BELOW  LSD 
STATIC  WATER  LEVEL*  BELOW  USD 
YIELD  IN  GALLONS  PER  MIN. 


ft. 

n. 


HOW  TESTED 

IF  F,  SHUT-IN  PRESS.  IN  PSI 


OEOLOOICAL  SOURCE  OF  H^O. 


TIME  (MR.). 


CASING  DIA.             In.   FROM 

_  n. 
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In     FROM 
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SOURCE  OF  INFOi  WELLAPPROP. 

DRILLER . 
OTHER: 


OWNER 


Jil        USQS. 


scs 


HAS  WELL  LOCATION  BEEN  VERIFIED 

BY  WHOM     ^-   ^t^i^/,^  '"J  AGENCY 


}^5S_ 


/^/S^\ 


/•  _ 


DATE  VERIFIED 

MEAS.  POINT  ABOVE  LSD 

TOTAL  DEPTH  BELOW  LSD 

PUMPING  LEVEL  BELOW  LSD. 

SWL*  BELOW  LSD 

YIELD  IN  OPM 

WATER  TEMP.'c 

SPECIFIC  COND.  «  29  C 

MBMQ  FILE  NUMBER       

DNR  FILE  NUMBER  . 

WELL  FORM  NUMBER     

MBMG  WQ  LAB.  NUMBER  . 

SYS  2000  NUMBER    
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-^  -  bz- 
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DATE 
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MONTAMA  BUREAU  OF  MINES  AND  QEOLOQY 
WELL-DATASHEET 
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TItACT       -OC^ 


L>T. 


N.        LONO. 


V/TM 


TOWf* 


SUBDIVISION 


OWNER'S  NAME 
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':=>C^O^tj  ^-^^^^Ti-C^J/jC^'-StiA:: 


•COCK 


W>T 


AOOMCSS      5"/-V^    doU^C  / 


M-tONC  NUMI 


YEAR 


2  1  6S- 


-.ci> 


ALT.  LANO  SURF.  AT  WCLL  MSL 
TOTAL  OtPTM  BELOW  l_$0 
JUMPING  LEVEL  BELOW  LSO 
STATIC  WATER  LEVEL*  BELOW  UO 
VIELO  IN  QALLONS  PER  MIN. 

MOW  TESTED     C'^'"  f  ^ TIME  (MR.) 

IF  F,  SHUT-IN  PRESS.  IN  PSI   

QEOLOOICAL  SOURCE  OF  M^O  . 


^^& 


n. 

n. 

.ft. 


/7C        n. 


S 


■'S  A: 


CASINO  Dl 


A.  -^    in. 
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CASING  TYPt 
PERFORATED  INTERVAL  . 

PERFORATION  oeSC.  

PUMP  SIZE  (MP.) 


(ic  yp  ^/^-d ) 


n.  TO 

.ft.   TO 


/^ 


ft. 
n. 


ft.   TO. 
ft.   TO 
ft.   TO 


n. 
n. 
ft. 


TYPE 


DATE  WELL  COMPt_ETEO 
MOW  DRILLED  —/^^l-e, 

BY  WMOM    .  t  'Qy-'^  J     i 

WELL  USE  ba^  g:l~  '  g- 


//-/Z.-  73 


-76C  i. 


/CA-^^C  1^ 


Lie. 


&± 


SOURCE  OF  INFOi  WELL  APPROP.    

DRILLER  _!^    OWNER  _^        USOS. 
OTMER; 


scs 


■/?£ 


MAS  WELL  LOCATION  BEEN  VERIFIED 

BY  WHOM    U-di-^^Zf'^     '-I  AOENCV  /^JS^O 

DATE  VERIFIED  . 


L-  g2- 


MEAS.  POINT  ABOVE  LSD 

TOTAL  DEPTH  BELOW  LSD       . 

PUMPING  LEVEL  BELOW  LSO  . 

SWL*  BELOW  LSO 

YIELD  IN  QPM 

WATER  TEMP.°C 

o 
SPECIFIC  CON D.  It  29  C 

MBMQ  FILE  NUMBER       

ONR  FILE  NUMBER  

WELL  FORM  NUMBER     

MBMO  WQ  LAB.  NUMBER  

SYS  3000  NUMBER    

OTHERi    


ft. 
ft. 
ft. 

ft. 


DATE 


REMARKS,     d^^t^         K>»^i6'J^     ^iCO'^     ^t. 


•F  -  FLOWING 

MBMG  Form  1B3  (9/79) 


LITHOLOOIC  LOO 

INTERVAL  (FT.) 

DESCRIPTIOft 

FROM 

TO 

C  > 

7 

/io^Se         t.A'Jtj      At£>C.'< 

7 

/jr 

/^£L      S.'^^^S 

/S 

Z2. 

Ji/f  ■< 

Z  2. 

z:r 

/V^/<-/i      S^'Jt^-rO'iir 

Z.S- 

zi. 

^ci  r-^.e 

■?  ^ 

T'io 

/9> A  C     i./:^Ci.T^^t 

36 

SO 

/?f  a    .V/<   e 

SO 

•^i 

G^/^  y   v5/.  -«  /  ^ 

S9 

//2^ 

/y^^b    <l^^^:-^-'-     ^ ^y/>o^.~^'.' 

/     <^^M           .V/X     -f   A. 

//z 

/^S 

^^/^y  jSA^^ie 

/3£r 

/i>6' 

S-^r  T  S-/'  ^i  s.  -J.  fj  € 

JuS 

/ce 

/^c  L    o'/,  ^.  F 

/^e 

LZCj 

'Zi-/)y  ^  y£t'   i~>  ~  -     ^y^'i 

-LlO 

z^3 

y^o^e^is^'J  ^-.A  ^i.:>':  -'• 

''Vy/ccb  -^y  /Jyyyi  y.    Z  <j>/-'-- 

A//^  y /t    -   cc^^    (3  z-f  ^ 

, 

1 

f  -:     •     • 

1  ■•    ■■•.    ■:■ 

K 


IKITCMMAF 


-^' 


^y/V*.,M<«<  <  t 


t^C 


C-27 


MONTANA  BUREAU  OF  MINES  AND  GEOLOGY 
WELL-DATASHEET 


COUNTY 


LAT. 


l/^L 


N.       LONQ. . 


T. 


R.. 


-/ 


Jew 


SEC. 


UTM 


TRACT. 

e  _ 


:  J '  I 


TOWN 


SUBDIVISION 


OWNER'S  NAME         /4^^   7/-.    "^      ^^  y<0      '.    '^  V    C 


BtX>CK 


LOT 


AOORE&S 


:^y^^Jt    'o  ^  ^.  f^g.   >^-^  "^ 


PHONCNUMI 


YEAR 


._     <j 


.'^O 


ALT.  LAND  SURF.  AT  WELL  MSL 

TOTAL  OEPTM  BELOW  LSD  "  ''     .     ^ 

PUMPINQ  LEVEL  BELOW  LSD  

STATIC  WATER  LEVEL*  BELOW  UD       

YIELD  IN  GALLONS  PER  MIN.  

HOW  TESTED TIME  (HR.) 

IF  F,  SHUT-IN  PRESS.  IN  PSI  

QEOLOGICAL  SOURCE  OF  H.O 


ft. 
ft. 
ft. 
ft. 


CASING  DIA.  —*».    In.    FROM — 

—  ft. 

TO 

-J        ft. 

In.    FQOM 

_ft. 

TO 

ft. 

(-ASIMI^  TVPf                  C.^ 

DFOFnPATFn  INTFRVAI 

_ft. 

TO 

ft. 

_  ft. 

TO 

ft. 

__ft. 

TO 

ft. 

PFaFORATimsi  nFsr. 

P(1MPSI7F  (HP.)                              TYPE 

DATF  WELL  COMPLETED 

HOW  DRILLED 

«v  wnnM 

Lie. 

WELL  USE                L   i'-'f    • 

.T 

SOURCE  OF  INFOi  WELL  APPROP. 

DRILLER OWNER  USOS. 

OTHER:   


SCS 


lA^ 


HAS  WELL  LOCATION  SEEN  VERIFIED 

BY  WHOM       '^,  y?   •- -^  ~^  '^   '^       AGENCY  /^   t"^  ^    G 
DATE  VERIFIED   _ 


,  -  9-^Z^ 


HI 


MEAS.  POINT  ABOVE  LSD 

TOTAL  DEPTH  BELOW  LSO       _ 

PUMPING  LEVEL  BELOW  LSO. 

SWL*  BELOW  LSO 

YIELD  IN  OPM 

WATER  TEMP.°C 

SPECIFIC  CONO.  It  25  C  <^  ^7 

MBMQ  FILE  NUMBER       

DNR  FILE  NUMBER  

WELL  FORM  NUMBER     

MBMQ  WQ  LAB.  NUMBER  

SYS  2000  NUMBER    

OTHER:    


ft. 

ft. 
ft. 
ft. 


DATE 


0  f/^-^ 


LITNOLOOIC  LOO 

INTERVAL  (FT.> 

DESCRIPTION 

FMOM 

TO 

/  /                          1    -■ 

/h  ^^-^ 

-  ...-/^fi^i- 

/,j^  " 

REMARKSi 


-."Z:     JJ*"-^ 


.t.rk 


0-^/4 


•F  -  FLOWING 

M8MG  Form  183   (9/79) 


MONTANA  tOREAU  Of  MINES  AND  OKOLOOY 
WELL-OATA  SHEET 


COUNTY 
1>T.  


v/-  '■- 


T. 


LOMO. 


,N>ft 


tpiw      sec. 


TRACT 


•/^//<^ 


UTM 


TOMN 


•U  ■DIVISION 


■COCK 


LOT 


OWNCR'SNAMC       ^£'C'<:>i.b    t-^UJ/*^      'it^£<    /<    '^L  ^  AOORESS      ^    ^'^t 


■>  .r 


/' 


M-tONE  NUMI 


VBAR 


3  1  7:r 


SQ(0 


<re(o 


ALT.  LAND  SURF.  AT  WCLL  M8L 

TOTAL  OCPTM  BCLOW  lSD 
.  .jt'    P^JMPING  LEVEL  BCLOW  l_SO 
^ftl-      STATIC  WATER  LEVEL*  BELOW  LSD 

YIELD  IN  GALLONS  P€R  MIN.  =! 

^O^fi TIMC(MR.»__^ 


^'^         «■ 


HOW  TESTED. 

IF  f.  SMUT-IN  PRESS.  IN  PSI 


OCOLOOICAL  SOURCE  OF  H.O 


)<^Oo -f« *<•■*■  .      T  .*^  .       'J\^r»C^\^      LUvj<.^-(, 


If,     /tAe.  J  ^  1 1 


CASING  OIA.  "^-^^in 


FROM 

In.    FROM 


.  n.  TO 

.  ft.    TO 


.n. 
n. 


CASING  TYPE 
PERFORATED  INTERVAL  . 


.ft.   TO. 
ft.    TO 
ft.    TO 


ft. 
ft. 
ft. 


PERFORATION  oeSC. 
PUMP  SIZE  (MP.) 


TYPE  


DATE  WELL  COMPLETED  __ 

MOW  DRILLED  ,     '^     ^a''^^y 

BY  WHOM  rC£iTM /*76A-rA^ 

WELL  USE  DaMt_<-r/^ 


Lie. 


Z7^ 


SOURCE  OF  INFOi  WELL  APPROP.    

DRILLER  _:::1     OWNER      ^          USOS. 
OTMERi 


scs 


1±A. 


HAS  WELL  LOCATION  BEEN  VERIPICO 

^/  ^i  ^T/^*i'-'      AOENCV  Z!£^r!Ui 


-2  -g^ 


BY  WHOM 
DATE  VERIFIED 

MEAS.  POINT  ABOVE  LSD  

TOTAL  DEPTH  BELOW  LSD       

PUMPING  LEVEL  BELOW  LSO 

SWL*  BELOW  LSD  

YIELD  IN  OPM  

WATER  TEMP.'c  /  ^-  / 

SPECIFIC  CONO.  at  23  C  (^  J  I 

M8MO  FILE  NUMBER       

ONR  FILE  NUMBER  

WCLL  FORM  NUMBER     

MBMO  WQ  LAB.  NUMBEH 

SYS  2O00  NUMBER    

OTHER. 


ft. 

ft. 

.  ft. 

ft. 


DATE 


RCMARKSi      ^<-"^£         t^O'J,   t^*J    ' 

^• 

/    c  K^ 

■■_>         -'<  -  e         Cl^  t- 

^.Tt      77  ■  ^  :-oy'C 

■;rs  ,^/..,/  "c 

•F  -  FLOWING 

MBMG  Form  182   (8/70) 


LITHOUMIC  LOO 

INTERVAL  (FT.) 

DESCRIPTION 

'    FROM 

TO 

c 

3 

-y-^   :.^f 

-t 

s 

/p£L  s:.'-^.  t 

<— 

/s 

Cat.  /  Sf    ^>ft^*J 

/& 

'-? 

Yetic^^r-      _>/♦/ 

/' 

^i 

C^e-y    .S'-'/'.-F 

Z'* 

V-? 

/^rt      S/^Ll=- 

^^ 

^s 

i,^  f  v  ."?/•-  -<•<  f- 

s^ 

s  -) 

A-j^t      S'/*<.& 

SI 

-f^ 

^.^er  S    /-.e 

9^ 

ik 

/t<<.C^     S  'O'Jt  i   ^-     -" 

ib 

y-fl 

3>^iy   Ow-<'5 

Ml 

/7£- 

/^  C  L         -S..y/Oif 

ns 

/76 

il^t     "        -fT^-^L? 

n& 

/a^ 

^€  t>          ^>.  <^  ^f 

Id-' 

'?■? 

3^£  y     <../'(.€ 

/fi 

Z30 

3^t  •■  :!^  /■  '^Li~^"  <--    v'/ 

'   "'  y 

Zlo 

^^1 

:^^.'c  <'s^^:'<) 

2.5'^ 

zso 

Ch^rr  -r    C^ '^ f^ t  C"  ^ '■  '- 

z£o 

-^/S 

J>/fc'f    V      ^/,  <o  <  f 

^J^ 

-fSi^ 

C»a: <r  r    In r-^ '- S'.t"^/' - 

'  /I't. 

-IS(c 

r/i" 

.J,.       f    -T/^vf/   t'/<^/</    .'.i:>'^ 

.    )->/{< 

Sl^ 

^&^. 

^S<5,l'A       i  C^lLI/OCj      ^^      '' 

^   '^A-^ 

//V.:/viut   /.jc    L^^'Z<     Aiji     ■ /» 

^r^T  : 

-'.s--   5 

«c^. 

'h:/ 

O^ 

1  ' 

■ 

.■-*/^ 


1- 


f^ 


IKITCHMAF 


,,^h  :i  j< { f^ 


x 


J^'*'—, 

y 


^ 


C-29 


MONTANA  BUREAU  OF  MINES  AND  GEOLOGY 
WELL-DATA  SHEET 


COUNTY 


^/=<L/^r£ 


il^i 


^^ 


W        SEC. 


2  T 


TRACT  Z^^il 


LAT. 


N.       LONO. 


UTM 


TOWN  , 


SUBDIVISION 


OWNER'S  NAME 


yJc.y^/^i/)  ^   y^  u  /iy  <h 


BLOCK 


LOT 


^MONE  NUMBER 


ADDRESS  .       ^'"'L      [o-^'.fE         /^ 


YEAR 


3fe  2^ 


^:3 


ALT.  LAND  SUPF.  AT  WELL  MSL 
TOTAL  DEPTH  BELOW  LSD 

PUMPING  LEVEL  BELOW  LSD  

STATIC  WATER  LEVEL"  BELOW  LSD  •     '    " 

YIELD  IN  QALLONS  PER  MIN.  

MOW  TESTED TtME(HR.). 

IF  F.  SHIPT.IN  PRESS.  IN  PSI   

GEOLOGICAL  SOURCE  OF  H,0 


tt. 

ft. 
.ft. 
.ft. 


Kp^' 


L^..J,.f-^ 


CASING  DIA. 


CASING  TYPE 


In.    FROM  . 
In.   FROM. 


ft.   TO 
.  ft.   TO 


70 


ft. 
ft. 


PERFORATED  INTERVAL  . 


ft.    TO  . 
ft.    TO 
ft.   TO 


ft. 
ft. 
ft. 


PERFORATION  OESC. 
PUMP  SIZE  (HP.) 


TYPE      ~  • 


'/■<■     Z 


AL 


DATE  WELL  COMPLETED  . 

HOW  DRILLED        ^  C^  ^></g  T 

BY  WHOM    ^x>f  ■J'^fl^Si  •J   L..^'.-  I     ^(^      Lie. 
WELL  USE         ^O^F  A-—  C 


SOURCE  OF  INFOi  WELL  APPROP.    

DRILLER  _::^     OWNER  _t::^       USQS. 
OTHER:  


scs 


HAS  WELL  LOCATION  BEEN  VERIFIED         "^ S 

U,   6i^-^C''^     --'        AGENCY    /*1^'^(^ 


-r-  ©2- 


BY  WHOM 

DATE  VERIFIED 

ME  AS.  POINT  ABOVE  LSD 

TOTAL  DEPTH  BELOW  LSD       . 

PUMPING  LEVEL  BELOW  l_SO. 

SWL*  BELOW  LSD 

YIELD  IN  QPM 

WATER  TEMP.''c 

o 
SPECIFIC  COND.  It  29  C 

MBMQ  FILE  NUMBER      

DNR  FILE  NUMBER  

WELL  FORM  NUMBER     

MBMQ  WQ  UAB.  NUMBER  

SYS  2000  NUMBER    

OTHER:    


ft. 

ft. 

.  ft. 

ft. 


DATE 


REMARKS:     ^^f- JLL- 


A/^J        a^Ci-J^       ^/*^*-jf 


-J^.    /-yi.      -5 


^i^C       /?•/*.:  /tf<^ 


'  t: 


•F  -  FLOWING 

MBMG  Form  183  (9/79) 


LITHOLOOIC  LOO 

INTERVAL  (FT.) 

DESCRIPTION 

FROM 

TO 

o 

/y 

^i'^-y 

/< 

zz 

/'fl   ^'^( 

z  z. 

Z'i 

1/!'>LS'  >-'''^ 

24 

z^ 

All     6'-i 

Z^ 

y/ 

C:-^  -L  A'^i.-r- 

^            1^7 

S.^'^:  E  -  o^,f  y 

•^  7 

J>4 

<or--  ^sL  ^:ci 

^^ 

99 

S,-'/:^s    yfoc/c 

90 

/O' 

S  r  ^ t  S'.o  ^ £ 

"J  ■ 

/  '2. 

Jr-  ■  ■^^  E    /^o  c  < 

JIT. 

1  i\ 

S  "  f^  - '-  y^^  "^  -■  ^  /)  <jL.' • -; 'J '.    -  "/<:  "•*..(  -  1 

/  <  z 

/4^ 

JZ  /-  '■^i-:~',fj': 

yir 

/f6 

JZ^  ^^'7  ^o:'^ 

/^B 

yC3 

jT/v  ^is  /p^'f^    '^ t^  ^i -■  ~^'^- 

.   o3 

1  7l_ 

^jrd  /S'sb 

/7^ 

/$< 

^V~V  "  S'-  '^c '  /f'oj.  t    -     -  ^■^  / 

■&^ 

ZV 

^^L    /£zh 

■z  '■^ 

223 

S^'JL^  Si'y^i^h   ^o::^ 

2ZJ 

- -?-' 

/e^L   ^'2 

~       7       V 

z-^r 

S/<  fJL::  ~o  f'  6    --  cJ/i  •'e'<  -  v.'^  J  /  ^ 

2-/- 

z<ri 

-_<i  -<  c 

2^3 

Z'^O 

^<-c^     3-^'^'i:  y^or,^ 

^4<3 

2  7y 

'/e^io'^    S'-<<'^    ^oi-^ 

2  l4 

■J'O/ 

S/^-<te/^^^*r     Sa  'Ji.  cjy^r^jA   -  c -^ 

^0/ 

-«'^,? 

S'<  '^Ls~^'^^ 

IKCTCM  MAT 


O^ 


'^A^t-  Ca^,:  fp 


C-30 


MONTANA  BUREAU  OF  MINES  AND  QEOLOQY 
WE LL-OATA  SHEET 


couwrv 


Ca^CAD<Z. 


T.  LlZ-^**^**- 


.Jd-jt^ 


sac. 


3^ 


TRACT 


^gAiO. 


1>T. 


N.        L0«>«0.  . 


l/TK 


TOWN  , 


SUSOtVISION 


•COCK 


UJT 


OWNCR'S  NAME 


Rofi>efa-     klPK^NCR 


ADDRESS 


C.r^rKeV    MT.  .^9^80 


^MONE  NUMI 


YEAR 


alt.  um4d  surf.  at  well  mst. 
total  depth  below  lsd 
p\;mrino  level  below  lso 
static  water  level*  below  l_sd 
yield  in  gallons  per  min. 

^^^  TF<Tcn      -.''■     L' -'C'L^'g/-->       TIMC(HR.). 
if  F.  SHUT.4N  PRESS.  IN  PSI   


n. 


7g 


OCOLOaiCAL  SOURCE  OF  H.O       ^    .  m^ ^  7oaj  g. 


CASINO  Dl 


CASINO  TYPE 


A.  ^in.    F 


ROM  . 
In.    FROM. 


JL 


^■^r.^-A 


ERFORATEO  INTERVAL  . 


ff 

TO 
TO 

f.O 

f1 

n 

TO. 

TO 

TO 

ft 

ft. 

PERFORATION  OeSC. 
PUMP  SIZE  (MP.)  


TYPE 


DATE  WELL  COMPLETED 

MOW  DRILLED  r  r-  tr,  i^r  C   p 


nj  /i/77 


BY«vHOM     A^  Cs,  Qr^  iiiJ  c» 

WELL  USE  r^^l/AJ.  c^f/ll 


RoTnt^ 


Lie. 


SOURCE  OF  INFOi  WELL  APRROR.         X 

DRILLER OWNER  USOS SCS 

OTMERi 


i^-L. 


MAS  WELL  LOCATION  BEEN  VERIFIED 

BY  WHOM  _  /^rdj^A/^   Ap(>^"aqency  MQ>(^C 

DATE  VERIFIED   


C/o//kX 


MEAS.  POINT  ABOVE  LSD 
TOTAL  DEPTH  BELOW  LSD       . 
(VlMPINS  LEVEL  BELOW  LSO. 
SWL*  BELOW  LSD 
YIELD  IN  OPM 
WATER  TEMP.°C 
SPECIFIC  CONO    at  29  C 

MBMQ  FILE  NUMBER       

DNR  FILE  NUMBER  

WELL  FORM  NUMBER     

M8MO  WQ  LAB.  NUMBER  

SYS  2000  NUMBER    

OTMERi 


ft. 

n. 
.  n. 


DATE 


RCMARKSl 

, 

//r,^/.( 

/?r 

tun.' 

'/^/   i. 

/^<- 

//^^ 

(■ 

J^-L^           O 

S..I  .. 

X 

r 

•F  •  FLOWING 

MBMC  Form  183   (9/79) 


UTMOUMIC  LXM 

INTERVAL  (FT.) 

oeSCNIRTION 

FROM 

TO 

o 

2 

r^y^  \o^( 

■%- 

(H 

C~/f^y  i^/l}\    /i/i'^U'Ci 

/y 

^6 

S/7al^ 

cl 

J??c^ 

L,m<rJ.ro^<. 

^^r.'  Ar/°K^K     y^p    ^/*/^i 

VOa'        yo^/s.^   /i/'/l 

/l/y>  4>c     .CO  i  //^ 

1 

1 

\  ■- 
1 

1              ! 

1 

t 

1 

1^/"     ' 


f 


IKCTCMtlMF 

I  » 


to 


^=^ttcV 


^ 


Irir  -.tjft  >   •■'»'^C 


C-31 


MONTANA  BUREAU  OF  MINES  AND  GEOLOGY 
WELL-DATA  SHEET 


COUNTY 


r.^c^cAHC 


T.     /f    (^>*  R. .jSlXipr^       sec.  L— 


TRACT 


/ALj 


Bf)\)C. 


! 


LAT. 


N.       LONG. 


W. 


UTM 


TOWN  . 


SUBDIVISION 


OWNER'S  NAME 


{^0^(^^       ///^/^/  co.°//     3 


Bt.OCK 


LOT 


ACX>nESS 


^/tAjD  6oJ/e<:^ 


PHONE  NUMI 


YEAR 


ALT.  LAND  SURF.  AT  WELL  MSL 
TOTAL  DEPTH  BELOW  LSD 
PUMPING  LEVEL  BELOW  LSD 
STATIC  WATER  LEVEL*  BELOW  LSD 

YIELD  IN  GALLONS  PER  MIN.  

HOW  TESTED TIME  (MR.) 

IF  F,  SHUT-IN  PRESS.  IN  PSI  


^^() «. 

«. 

n. 


.^-»^ 


GEOLOGICAL  SOURCE  OF  H^O    ^g//  / >^  To    /  /»,«  J/'-^ o-e. 


.Tofi"^     /O'    A 


CASING  DIA. 


c 


^^j-(D 


In.    FROM  . 
In.   FROM. 


.  n.   TO 
.  tt.   TO 


ft. 
ft. 


CASING  TYPE  . 


^/g^/ 


PERFORATED  INTERVAL  . 


ft.   TO. 
ft.    TO 
ft.   TO 


ft. 
ft. 
ft. 


PERFORATION  OESC.  . 
PUMP  SIZE  (HP.) 


TYPE 


DATE  WELL  COMPt.ETEO  . 

HOW  DRILLED  

BY  WHOM  

WELL  USE       J>/1}C^I<~ 


LIC. 


SOURCE  OF  INFOi  WELL  APPROP.    

DRILLER OWNER     X  USGS. 

OTHER:  


scs 


Ygs 


HAS  WELL  LOCATION  BEEN  VERIFIED 

BY  WHOM  Hr.tZnf^fJ   h.-^^CC      AGENCY  l^^/^(e> 
DATE  VERIFIED  te/b'^/  P2^ 


ME  AS.  POINT  ABOVE  LSD 
TOTAL  DEPTH  BELOW  LSD 
PUMPING  LEVEL  BELOW  LSD. 
SWL*  BELOW  LSD 
YIELD  IN  GPM 
WATER  TEMP.°C 
SPECIFIC  COND.  at  2S  C 
MBMG  FILE  NUMBER      _ 
ONR  FILE  NUMBER  _ 

WELL  FORM  NUMBER     _ 
MBMO  WQ  LAB.  NUMBER 

SYS  2000  NUMBER    

OTHER: 


/    r 


DATE 


LITHOLOOIC  LOO 

INTERVAL  (FT.) 

DESCRIPTION 

FROM 

TO 

IK  ETCH  MAT 


REMARKSi. 

'/   ",.     /  A     ■£.      .    , 

■■/^ 

■    ,     ~:  L      /  /'/  r      . 

l'      r*' 

A            .     O 

o  H  V          •  ■  u  <r  1  . 

•F  -  FLOWIfi«Q 

MBMG  Form  183  (8^78) 


■m^^ 


MONTANA  BUREAU  OF  MINES  AND  QEOLOQY 
WELL-DATASHEET 


COUN 


r.  TAc^A  Ar. 


T.  "'       .pn«» 


(T 


L-AT. 


N.        UOMO.  . 


dv**    ••c.    / 


LTTM 


TRACT. 

e  _ 


m3 


SUBDIVISION 


OWNCN'S  NAME 


.T//^^   Ha  >c.k.  so^ 


•COCK 


COT 


AOOMCSS        -^     /I  A//?      ^r'^/ge      /^?7 


PHONE  NUMI 


YEAR 


ACT.  CANO  SURF.  AT  VWCCC  MSC 
TOTAL  OCPTM  BELOW  L»0 
PUMPING  LEVEL  BCLOW  LSO 
STATIC  WATER  LEVEL*  BELOW  CSO 
VIELO  IN  GALLONS  PER  MIN. 
HOW  TESTED . 


^KL 


.  ft. 

n. 

.  ft. 

ft. 


TIME  (HR.). 


IF  F.  SMUTHN  PRESS.  IN  PSI   

OEOCOOICAL  SOURCE  OF  H^O  . 


CASINO  OIA. 


Co-  in.  r 


ROM  . 


In.   FR< 


n.  TO 

ft.    TO 


ft. 
ft. 


CASING  TYPE  . 
PERFORATED  INTERVAL  . 


ft.   TO. 
ft.   TO 
.ft.   TO 


.  ft. 
ft. 
ft. 


PERFORATION  OCSC. 
PUMP  SIZE  (HP.) 


TVP€ 
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RGlirnTI 
?C     JIIN    p.? 

10:^5  MOURr;         ; 

MPMC«FKA 
1 A     JUL      82 

PlIMPFEi 
DOMESTTC 

RONALD  GUISTI  .  ^. 
MAPIt^ON  GROUP  OR 


•Al  I. 


1 


:UL 


CAl.  rtHh 
MAGNFF.I'JM 

GonriiM 

POTASSIUM 

IRON 

MANGANFSr 

sii.  iGA     <; 


(CA) 
(MG) 
<NA) 
(K) 
(FZ) 
(MN) 
102) 


MC/I. 
113. 

38. 

13, 
4, 


MCn/l. 


4 

.  1 

!002 
001 
,5 


5, 
3, 
0, 
0, 


A4 
1  /. 
57 
11 


MPMG    r.TIF 

GTATIOM     in 

«       SAMPI  r    GOURCF. 

I.  AND    GtlRFAGF    AITITUPr 

GUSTATNFn     YIFLD 

YIEl n    MTAG     MTTHOn 

TOTAI      UrPTH    Ot      UTi  L 

AnOVF(      )     OR    r<Ll  CM    GG 

GAGING  niAMLTFR 

CAGTMG  1 YPr 

GOMPI  FTICN  TYPF 

PFRrOKATlDN  INTFRVAL 


MI  GU  CF  CtNTFRVII.LF 
L  IMFGTONE 


niCARPGNATF     <MC03) 

CARPGNATF  (C03) 

GHLORIDF  <CL) 

GULFATF  (G04) 

NITRATE  <AG  N) 

FLUOR  IDF  (F) 

PHOGPHAT.T  TOT  (AG  P) 


4723011 
WKI  L 
3430. 
10,0 

?3R. 
1  AO  . 
A  IN 
GTFFL 

* 


11005,701 

FT     10 

GPM 
GTOPUATCM 

FT  (  R ) 
FT  ( R  ) 
(M) 


MC/I. 
??7.0 
.0 
2.0 
31?. 
5./)7 
,f,3 


TOTAL  CATIONS 


9.48 


TOTAI.     ANIONS 


MFO/L 
3.  77 

0.00 
6.?i0 
0.41 
0.  03 


10.70 


STANDARD  DFVIATION  OF  ANION  GATION  ."JALANCF     <SIGMA) 


LABORATORY  PH 

FILI  D    UATFR    TEMPFRATIJRF 

CALCULATED  DISSOLVED  SOLIDS 

SUM  OF  DIGS.  CONSTITUENT 

LAD  GPEC.COND. ( M ICROMUOS/CM ) 


PARAMFTER 
TEMPERATURE.  AIR  (C) 
FL-FLn  PH 

ALUMINUM*  DISS  (MG/I  AL) 
Gil VFR. DIGS  (MG/L  AG  AG) 
DORON  .DISS  (MG/I  AS  D) 
CADMIUM,  niGG(MG/l.  AG  CD) 
CHROMIUM,  DISS  (MG/LCR) 
COPP.rR,DIGG  (MG/I.  AG  CU) 
LITHIUM, DISS (MG/L  AS  LI) 
MOI  YRDFNUM,  DIGS(MG/I.  -  MO) 


14. 
6X\  . 
723, 
097. 

VALUE 
7/,.        Y 
7.53 
••;.003 
<,002 
<.0? 
.002 
.008 
.013 
.01  4 
'  .  02 


f.2  TOTAI.  HARDNESS  AS 

f>  n  TOTAL  ALKALINITY  AG 

42  SODIUM  ADSORPTION 

02  RY^'NAR  GTARIL  ITY 

0  LANGIIFR  SATURATION 


CAC03 
CAC03 
RATIO 
INDEX 
INDEX 


CND 
Al  K 
NIC 
LFA 
SIR 
TIT 
VAN 
7  IN 
?IR 


UCTV 
AL  IN 
KEL  , 
D  ,  I)  I 
ONTI 
ANIU 
ADTU 

cm 

CONI 


PARAMFTFR 
Y,FIF!.D  MICROMHOS 
ITY,ri.n(AG  CAC03) 
DISS  (MG/I.  AS  NI) 
GG   (MG/L  AG  PD) 
UM,DISS  (MG/L-SR) 
M  DIG(MG/L  AG  TI) 
M, DISS (MG/L  AS  V) 
GG   (MG/L  AG  7N) 
UM  DIS(MG/I   AS  ZR 


440, 22 

130.40 

0.27 

&.02 

0.35 

VAL  UC 

714. 
1B5.4 
<  .  0  1 
.05 
.29 
.003 
.007 
.  17 
.01  1 


remarks:  water  CLFAR«TAr.TF  AND  SMELL  OK«LIGHT  DROWN  SLAIN  ON  FILTER 
OUNFRS  ADDRFGS  DOX  73  GANP  COUl FF  PLOWING  Ur LL 
lad;  FU  CA  130,  MG  44.5  GIVES  10. B  MFO  CATIONS  FOR   .103  SIGMA 

explanation:   MG/I   =  MILIIGRAMG  PFR  IITFR,  UG/l   -  MICROGRAMG  PFR  LITFR,  MFO/l 
Mill  irnUIVFLENTS  PFR  IITFR.   FT  =  FFFT,  MT  -  MFTFRS.    (M)  ^  MFASURFD,  (E)  = 
CGT  IM.^Trn,   (R)  =  RFPORTFD.   TR  =  TOTAL  RFCOVFRAPL  F  .    TOT  =  TOTAI  . 


QU 


otiltr   avaii  ablf   data 
other  fii  f   numderc: 

project: 

LAST  FDir  datf: 

PROCESSING  program: 


UA 
Y 


WI   OW   PW 


AT 


OTHER 


27  .MIL  02 

FI730P  V2  (11/3/01) 


COST 

BY 

PRINTED 


PFRCFNT  MFQ/L   (FOI 
CA    MG    NA     K 
59.5  33.3   A.O   1.1 


;    PIPFR    PLOT) 

CL        S04    HC03 
0.8    A2.8    3/).  4 


TP 


cn3 

0  .0 


«PCG 
MAY    tt3 


note:   in  correspondence,  please  refer  to  lad  numdfr:  0200470 


C-47 


MONTANA     HURrAll 
tUTTTTHONTANA 


or  hinrs  AND  crni  ogy 

59701        <  406)49(0     4  1  0  t 


UATTR    aUAl 
I  A£:    NO.     O: 


ITY    ANAI 
>Q0491 


Ynr! 


GTATF 

LATTTUDP-IONGITIIDE 

UTM    CnnRDINATF:^ 

TOmGRAPMIC    MAP 

GEOLOGIC    GOORCC 

DRAINAGE    PAT^.TN 

ARPNCY    >     GAMPITR 

DOTTI.  r    NUMTCR 

DAT;-:    SAMPLiTD 

TIME  SAMPLED 

LAB  >  ANALYST 

DATK  ANALYZED 

GAMPIF  HANDLING 

METHOD  SAMPLED 

UATTR    (JGE 


'N 


MONTANA 
47D19'09 
7  N 

STOCKTTT     7 

PD 

MPMG*UJD 
SHIRLEY 
2?  JON  82 
12:  15  HOUR? 
MRMG*rNA 
16- JUL- 02 


nOMEGTIC 


1  1  1  ri09 

E 
1/2' 
t 


SWI. 


COUNTY  CASCADE 
14'W     SITE  LOCATION  IBN   5E 
MBMG  SITE 
STATION  ID  4719091 
*   SAMPLE  SOURCE  SPRING 
LAND  SIJREACE  ALTITUDE   3075. 
SUSTAINED  YIELD 
YIELD  MEAS  METHOD 
TOTAL  DEPTH  OE  WELL 
ADOVE(-)  OR  DELOU  OS  PLOWING 
CASING  DIAMETER 
CASING  TYPE 
COMPLETION  TYPE    * 
PEREORATION  INTERVAL 


10* 
1109 
ET 


PDPl 
140J 
<  10 


CAMPLING  SITE  SHIRLEY,  WILLIAM*?. 5  MI  UP  COTTONWOOD  CK 
GEOLOGIC  SOURCE 


I 


MG/L 


MEQ/L 


MG/L 


MEP/L 


CAL.CIUM 

<CA) 

.•^2.1 

3.10 

.^ICARnONAT 

E 

(HC03) 

300. 

1.72 

MAGNESIUM 

(MG) 

32.5 

2.67 

CARDONATE 

(C03) 

.0 

SODIUM 

(NA) 

10.  1 

0.44 

CHL  ORIDE 

(CD 

3.0 

O.li 

POTASSIUM 

(K) 

2.0 

0.07 

SULEATE 

(S04) 

27  ,/, 

0.57 

IRON 

<FE) 

<.002 

NITRATE 

(AS  N) 

10.1 

0.72 

MANGANESE 

(MN) 

<.001 

ELUORIDE 

(E) 

.36 

0.02 

SILICA   <SI02) 

9.9 

PHOSPHATE 

TOT 

(AS  P) 

TOTAL  CATIONS 


6.28 


TOTAL  ANIONS 


6.34 


STANDARD  DEVIATION  OF  ANION  CATION  BALANCE 


(SIGMA) 


0.20 


LABORATORY  PH 

FIELD  WATER  TEMPERATURE 

CALCULATED  DISSOLVED  SOLIDS 

GUM  OE  DISS.  CONSTITUENT 

LAB  SPEC.COND. ( MI CROMHOS/CM ) 


TEMPE 
FIEl  D 
ALUMI 
GILVE 
DORON 
CADMI 
CHROM 
COPPE 
LITHI 
MOL  YH 


PA 
RATU 

PH 
NUM, 
R,DI 

,  D I 
UM.  D 

lUMr 

R  »  D  I 
UMf  D 

nr  NU 


RAMETER 
RE,  AIR 


7, 

14. 

307, 

4  59. 

569, 

VALUE 


55  TOTAL  HARDNESS  AS 

?    C  TOTAL.  AL\ALINITY  AS 

04  SODIUM  ADSORPIION 

26  ry:;!nar  STABIL  ITY 

6   langlier  saturation 


CAC03 
CAC03 
RATIO 
INDEX 
INDEX 


(C) 


DISS  (MG/L- 
AS 
AS 
AS 
G/L 
AS 
AS 


SS  (MG/l 
SS  (MG/L 
rSS(MG/L 
DISS  (M 
SS  (MG/L 
ISS(MG/L 
M.  riISS(M 


r./i 


AL) 

AG) 

B) 

CD) 

CR) 

CU) 

L  I  ) 

MO) 


73 


E 
'5 
03 
002 
02 
002 
002 
006 
007 
02 


PARAMETER 
CNDUCTVY,EIELD  MICROMHOS 
ALNAL.INITY.EL.D(A3  CAC03) 
NICKEL, DISS  (MG/L  AS  NI) 
LEAD, DISS   (MG/L.  AS  PB) 
STRONTIUM, DISS  (MG/L-SR) 
TITANIUM  DIS(MG/L  AS  TI) 
VANADIUM, DISS(MG/L  AS  V> 
7IMC,DISS   (MG/L  AS  7N) 
7IRC0NIUM  DIS(MG/I   AS  7R 


2f;R.n3 

246.05 

0.26 

7.00 

0.23 

VALUE 
576. 
'50. 
<  .  0  1 
< .  0  4 
.27 
.005 
•'  .  001 
.047 
■  .003 


*l 


remarks:  FROM  STOCKETT*  FILTER  CLEAN*  WATER  CLEAR 
WILLIAM  SHIRLEY*  RT  36  STOCKETT  MT,  59400 
ARTESIAN  SPRING 

explanation:   MG/L  =  milligrams  per  LITER,  Un/l.  =  MICROGRAMS  PER  LITER,  MEQ/t 


MILL  lEQUIVEL.ENTS  PER  LITER.   FT  =  FEET,  MT  =  METERS, 
ESTIMATED,  (R)  =  REPORTED.   TR  =  TOTAL  RECOVERABLE. 


other  available  data 
other  file  numbers: 

project: 

LAST  EDIT  date: 

PROCESSING  program: 


QW   UA 


WI   OW   PW   AT 


29  JUL.  -82 

F1730P  V2  (11/3/Bl) 


COST 
BY  i 

printed; 


PERCENT  MEO/L  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03 
49.3  42.5   7.0   1.1   1.9  10.3  87.0 


(M)  =  MEASURf 
TOT  ^-    TOTAL. 

OTHER 


TP  *BCG 
27-  MAY-  B3 


(E) 


C03 
0.0 


note:   in  CORRESPONDENCE,  PLEASE  REFER  TO  LAB  NUMBFR:   02Q0491 


C-48 


MONTANA  PUftTAll  QF     MINEIS  AND  Cmi  OGY 
DUTTr .MONTANA   59701    (406)49A  4101 


UATfR  QUAl  ITY  ANAL  r'. 
I.  AE  NO.  8?00492 


IC 


CTATF 

LAT I Tunr  I ONGiTunr 
UTM  rooRniNATrs 

TOr-OGRAfHir  MAT 

Grni nnir  goortf 

DRATNAGr  PAS  IN 

AGF  NfY  i     r;AMr-|  TR 

POTTLT  NUMrrR 

DATF   r>AMPi  rn 
TiMr  r^AMRLrn 

LAB     ^     ANAL  Y^JT 

DATr    ANALY7FII 

GAMPL  r     MANril    INC 

MEITHOD    GAMrLTD 

UATFR    ll^r 

SAMKI   TNG    SITr 

Grninair  r;niiRrr 


MONTANA 
47n?3 'SO'N 

N 
iJOIJTMr  Af.T 
?17N0TM« 

MPMGtUJD 

r,ruu»u? 

19     JtIN    32 
1 4 : 10    HOURS 

MPMn*rNA 

07     JUL • 82 


1 1 0  ri  1 0 '  3 

E 
GRfAT    TAl 

t 


7     1 

« 


COUNTY 

r.iir   I  or  AT  I  ON 

MPMG  '^ITC 
STATION  in 

GAMPIF  r^ouRcr 


CAGCADC 
IVN  04r 


14  DADA 


4723f.0110101501 

uri  L 


rUMPFD 
PUBl  IC 


UiPFL  Y 


LAND    SUKFACF    ALTTTUDF 

^UGiAiNFn   Yrr  I  D 

Yin  n  MF  A5,  MF  (HfJH 

TOTAi  nrriH  of  ufi  l 

T.Ul     AF:OVr(   )  OR  FFI  OU  GF, 

CASING  niAMFTFR 

CASING  TYF-F 

COHFI.  FT  ION    TYFF 

FTRFORATION     INTFRVAL 


3AR0, 


150. 

A     I U 
STFFI. 
01* 


F  I 


f  T 


(R) 


to 


R> 
(R> 


f.ANP 
MTOTF 

MC/l. 


com 

NAI 


CAI  CIOM 

MAf.NFCIUM 

GOniDM 

POTASSIUM 

IRON 

MANGANFGF 

Sn.  TCrt       <: 


(CA) 
<MG) 
(NA) 
(K) 
(FE) 
<MN) 
lOD 


51  .7 
69.9 

17.2 
2.9 
.01  1 
.024 
7.5 


FF     IJfR    USFK'S     f!»  NFH 
FORMATION 

MFO/L 

2.5n  Pir.ARBONATF 


U  APV  r.ANH  COU 


5.75  CARPONATF 

0.75  CIUORIDE 

0.07  SIJLFATF 

0.00  NITRATC 

0,00  FLUOR  I nc 

PMOSPHATF 


(MC03) 

(C03) 

(CD 

(S04) 

(AG  N) 

<F) 

TOT  (AG  P) 


MG/I 

444  . 

0. 

12. 

71  . 

1  . 

1  . 


ML  0/L 


0, 
1 

0, 
0, 


35 
40 
09 
06 


TOTAI  CATIONS 


9.  i: 


TOTAL  ANIONS 


GTANPARn  DEVIATION  OF  ANION  CATION  BALANCF 


(SIGMA) 


0  .3' 


LABORATORY  PH       7. 
FIFI  n  UATFR  TFMPFRATURF      15 

CULATFD  niSSOLVFti  SOLIDS  453 

GUM  OF  niGS.  CONGTIIUFNT  67R 

LAF:  SPFF  .COND.  (MICROMHOS/CM)  709.2 


CAI 


69 
( 
57 
06 


TOTAL  HARDNFSS  AS 

TOTAI  AINALINTTY  AG 

SODIUM  AnSORPTTON 

RY7NAR  GTAPIL ITY 


CAC03 
CAC03 
RATIO 
IN  DFX 


416. 

364  , 
0, 
6, 


80 
16 
37 
76 


lANGLIFR  SATURATION  TNOFX 


PARAMFTER 
TEMPFRATURFf  AIR  (C) 
FIFL  p  PM 

ALUMINUM.  DISS  (MG/I.AL) 
GILVFR.IUSG  (MG/t  AG  AG) 
DORON  .DISS  (MG/L  AS  F) 
CAPMn)M,PIGG(MG/l  AG  CD) 
CHROMIUM.  DISS  (MG/LCR) 
COPPFR.DIGG  (MG/L  AG  CU) 
LITHIUM. DISS (MG/L  AS  LI) 
MOI  YBPFNUM.DISB(MG/l     MO) 


VALUC 
86.        F 
7.40 
<.03 
',.002 

.05 

'  .  002 

<.002 

<.002 

.042 

.06 


0,  46 

VALUC 
833. 
738. 
=C.01 
-■.04 
.52 
C.OOl 
<.001 

.25 
<.003 


remarks:  FILTER  DROWN  SIIT  *  UATFR  CLOUDY 
JOHN  G.  MITTAt  PRFG. 

explanation:   MG/L  =  milligrams  PLR  LITER.  UG/L  -■    MICROGRAMS  PL  R  LITER.  MFO/L 
Mil  I  rFOUIVFL FNTG  PFR  LITFR.   f  T    =    FFFL.  MT  =  MFTFRG.    (M)  =  MFAGURFP,  (F)  = 
ESTIMATED.  (R>  =  REPORTED.   TR  ==  TOTAL 


QU 


OTUFR    AVAK  A  HI  F     riATA 

othfr  file  numpfrs: 
project: 

LAST  FPIT  PATF: 

PROCESSING  program: 


UA 
Y 


UI 


RECOVFRADLE 
OU       PIJ       AT 


73  JUL  82 

F1730P  V2  (11/3/81) 


COST 
BY 

printed: 


TOT  ^  TOTAL 
OTHER 


TP    *CMT 
27  MAY- 83 


PERCENT  MFQ/L   (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL    S04  HC03   C03 
28.2  62. 8   8.2   0.3   3.3  16.2  79.9   0.0 

note;    in  CORRESPONDENCE.  PI  EASE  RFFFR  TO  LAP  NUMPfp:   0200492 


C-49 


MONTANA  RUREAtJ  OF  MINITS  ANI.1  Groi.  OGY 
tUTTr. MONTANA   5S'701   ('',06)496  4.tOt 


UATTR  QUALIFY  ANALYSIG 
LAP  NO.  R2Q0493 


GTATJT 

MONTANA 

LATJTLIDF-  LONG.TTUDr 

47):i24' l^'N    110D09' 

UTM    COGRniNATrS 

7          N                        E 

TOFOGRAPHIC    MAT 

BOLITHEAPT    GREAT 

EA 

crni.  ofiir  GouRCfr 

:<;?0MriGN* 

* 

DRAINAGE    RASIN 

l■■T^ 

AGFNCY     i     r^AMPLFR 

MPMG*HRM 

DOTTI.  r    NUMFiTR 

rHENSTM 

DATT     GAMF-irn 

??    JlIN    02 

TIME  GAMPi rn 

to: 00    HOURS 

SUI 

LAB    >    ANAI.  YrJT 

MPMG*FNA 

DATE    ANALY7Fri 

07-  .J(JL  -i^2 

GAMPI  P:    HANFiL  ING 

METHOn    r.AMFI.  ED 

FUMPED 

WATER    l)l>E 

nOMFSTIC 

CAMPLING  SITE 
GEOLOGIC  SOURCE 


COIUUY 

t7*U  GITE    LOCATION 

MBMG    SITE 

LLS  7  1     STATION  ID 

*   SAMPLE  SOURCE 

LANIJ  SURFACE  ALTITUDE 

SUSTAINED  YIELD 

YIELD  MFAS  METHOD 

TOTAL  DEPTH  OF  UELL 

AF:OVE(  )  OR  DEL  OW  GS 

CASING  DIAMETER 

CASING  TYPE 

COMPLETION  TYPE 

PERFORATION  INTERVAL 


CHARLFS  FNTSMINGFRHTOUN  OF  NUMDER  SEVEN 

MADISON  GROUP  OR  LIMESTONE 


CASCADE 

19N   4E  tl  AADD 

47241 41. 10091701 
UEL  L 
3440.   FT  <  10 
10,0  GPM 
DUCKFT/STOPUATCH 

lOS,   FT  (R) 

121.    FT  ( R ) 

»S  Itl     ( M ) 
STEEL 

*  1 


/ 


CAL.CItJM 

MAGNESIUM 

SODIUM 

POTASSIUM 

IRON 

MANGANESE 


(CA) 
(MG) 
<NA) 
(K) 
(FE) 
(MN> 


SILICA   (SIG2) 
TOTAL  CATIONS 


MG/L 
79. 
2B. 
1  1  . 


12. 


6 

7 

4 

5 

002 

001 

3 


MEO/L 

3.77  BICARDONATE 
2.36  CARDONATE 
0.50  CHLORIDE 
0.06  SULFATE 

NITRATE 

FLUORIDE 

PHOSPHATE  TOT 


(HC03) 

(CC3) 

<CL) 

(S04) 

(AS  N) 

(F) 

(AS  P) 


MG/L 
246.9 
.0 
4.0 
132. 
.91 
.44 


6.89 


TOTAL  ANIONS 


MEQ/L 
4.05 

0.11 
2.75 
0.06 
0.  02 


7.00 


GTANDARD  DEVIATION  OF  ANION-CATION  BALANCE 


(SIGMA) 


LABORATORY  PH      7.94 
FIELD  WATER  TEMPERATURE     16.   ( 

CALCULATED  DISSOLVED  SOLIDS  393.48 

SUM  ()'.-     DISS.  CONSTITUENT  ^10.75 

SPFC.COND.  (MICROMHOS/CM)  =jV6.  3 


LAF: 


PARAMETER 
TEMPERATURE f  AIR  (C) 
FIELD  PH 

ALUMINUM »  DISS  (MG/L-AL) 
SILVER,  DISS  (M6/I.  AS  AG) 
PORON  .DISS  (MG/L  AS  E) 
CADMIUM,  Dr3S(MG/L.  AS  CD) 
CHROMIUM,  DISS  (MG/L-CR) 
COPPER, DISS  (MG/L  AS  CU) 
LITHIUM, DISS(MG/L  AS  LI) 
MOLYBDENUM,  DISS  (MG/L.  MO) 


TOTAL  HARDNESS  AS 
TOTAL.  ALAAI.INITY  AS 

SODIUM  ADSORPTION 

RY7NAR  STABILITY 

LANGLIER  SATURATION 


CAC03 
CAC03 
RATIO 
INDEX 
INDEX 


316, 
202 
0 
6< 
0 


R9 
50 
20 
65 
65 


VALUE 
75.   F 
7.27 
<.03 
<.002 

.24 

<.002 

<.002 

.004 

.016 

<  .  0  2 


PARAMETER 
CNDUCTVY, FIELD  MICROMHOS 
ALKALINITY, EL D(AS  CAC03) 
NICKEL, DISS  (MG/L  AS  NI) 
LEAD, DISS   (MG/L  AS  PB) 
STRONTIUM, DISS  (MG/LSR) 
TITANIUM  DIS(MG/L  AS  TI) 
VANADIUM, DISS(MG/L  AS  V> 
7  INC, DISS   (MG/L  AS  ZN) 
i^IRCONIUM  DIS(MG/L  AS  7R 


VAl  UC 

620. 


41 


4 
01 

,04 

.72 

.001 

.001 

.043 

.003 


remarks:  UATER  clear  *TASTE  and  SMELL 

SAND  COUL.EE 


OF  SILTY  FILTER 


explanation:   MG/L  =  milligrams  per  LITER,  IJG/L 


MICROGRAMS  PER  LITER,  MEQ/L 


MILL  IEQ(JIVELENTS  PER  LITER,   FT    ■=    FEET,  MT  =  METERS 
ESTIMATED,  (R>  -  REPORTED.   TR  =  TOTAL  RECOVERAFLE. 


QU   UA 


UI   OU   PW   AT 


other  available  data 
other  file  numbers: 

project: 

LAST  EDIT  date: 

PROCESSING  program: 


23  JUL  -82 

F1730P  V2  (11/3/81) 


cost: 

B  Y : 

printed: 


PERCENT  MEQ/L  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03 
5  7.6  3  4.3   7.2   0.9   1.6  39.0  50.6 


C03 
0.0 


note:   in  correspondence,  please  refer  to  LAB  number:   82Q0493 


(M)  =  MEASURED,  (E)  = 
TOT  =  TOTAL. 

OTHER 


TP  *CMT 
27- MAY- 03 


C-50 


MONTANA    3l/RrAlI    OF    rtlNFS    AMD    fiFOl  OGY  UATFR    QIJAIITY    AHAI.V.IC 

DUTTFf  MONTANA       59701        (40A)49/.    'IIOI  IAD    NO.     n:?00i»94 

GTATT  MONTANA  CODNIY  CASTADC 

LATITDDF-I  ONCITUDF  A7n\B'^,A'ti  XWtiXl'OA'U  SITF     LOCATION  1  f:N        ^>      M    ATLTi 

UTM    COORHINATrS  7          N                          C  MPMO    fJITC 

TOrOr.RAFHir     map  STOTKUTT     7  1/?'  STATION     in  47105.41  t  t  t  10401 

GFOi  onrr   r^oiiscr   ri7.\0TN*  ♦  *     kampi  f  hoorcf   -.F'KInc 

DRAINAGF  TASIN  PF!  LANfi  ^^IIRFACr  AITITUfiF   irtRO.    Fl     10 

AGFNCY  i     SAMTl FR  M^MfitMRM  SUSTAIMFP  YITLD       7. A  nFM 

POTII.r  NUMUCR  fwYMRf.K  YICIP  MFAf:  MFTHOD  BUrKFT/nTOrWATCH 

DATF  SAMFLFn  PJJIIN  02  TOTAI   PFFTH  OF  UFLL 
TIMF  SAMF-I  FD  10:40  HOURS     SUL  AF:OVF(  )  OR  PFLOU  OF, 

LAD  +  ANALYST  MPMG*FNA  CASING  OIAMFTFR 

DATF:  ANALY7Fn  1AJUI-8?  CASING  I  YPF 

GAMPI  F  HANflL  INC  COMPIFTION  TYPF    * 

MFTHOn  SAMPl.  Fn  PIIMPFD  PFRFORATTON  INTFRVAL 
UATFR  IJ;;F  nOMFSTIC 

SAMPLING  SITF  RICK  YURFK«.2S  MI  N  OF  GIFFFN  SPRING 
GFOLOGIC  SOl/RCF  KOOTFNAI  FORMATION 

MG/I.  MFO/I  MG/L  MFR/l 

CALCIUM    (CA)  49.3  2.4A  PICARPONATF     (MCO:?)  1?l.  S .  26 

MAGNFSIUM  (MG>  30.9  3.20  CARHONATF  (COD  .0 

GOniUM      (NA)  n.4  0.37  CMLORJDC  (CD  1  .  .i  0.05 

POTASSIUM   (K>  7.4  O.OA  SLJLFATF  (S04>  ^4.0  O.SO 

IRON        (FC)  •:.002  NITRATC  (AS  N)  3.9)  0.20 

MANGANCSF  (MN)         -.001  FLUORIfrF  <F)  .  f.O  0.03 

Gil  ICA   (GI02)  8.0  PHOS.'NLAT;'  TOT  (AS  P) 

TOTAI   CATIONS  6.09  TOTAL  ANIONS  6.12 

GTANDARn  PFVIATTON  OF  ANION  CATION  PAI ANCF     (SIGMA)         0,14 

LAFJORATORY  F-U       7.61  TOTAL  HARDNK  SS  AF  CAr03  203.21 

FIFLTi  UATFR  TTH.-^-FRATURF      10.5  C  TOTAL  AL,\AI  TNJTY  A3  CACO?  .■:63.27 

CAL CULATFD  DISSOLUFP  SOLIDS  295.22  SODIUM  AHSORPTION  RATIO  0.22 

GUM  OF  DISS.  COMSTITUFNT  450.09  RYZNAR  STABTI.ITY  INDEX  7.16 

LAP  SPFCCOND.  <MICROMHOS/CM)  537.4  I.ANOLIFR  SATURATION  INDFX  0.22 

PARAMFTCR  VALUE               PARAMFTFR  VALUE 

TEMPERATURE.  AIR  (C)  75.   F  CNDUCTV Y , F X FL T  MTCROMMOS  542. 

riFLD  PH  6.02  Al.KALINT  LY.FL  DC-^S  CACn3)  2.49. 

ALUMTNUMr  DISS  (MG/L-AD  <.03  NICKEL  »DISS  (MG/L  AS  NT)  <,01 

GIL  VFR. DISS  (MG/L.  AS  AG)  <.002  LEAD.  DISS   (MG/L  AS  PD)  <.04 

r.ORON  .DISS  (MG/L  AS  D  .07  STRONT  lUM .  D ISS  (MG/L-SR)  .30 

CADMIUM. nTSS(MG/L  AS  CO)  <.002  TITANIUM  PIS(MG/L  AS  TI)  J. 001 

CHROMIUM.  DISS  (MG/L  CR)  <.002  VANAD I UM . D 1 SS ( MG/L  AS  V )  C.OOt 

COPPER. DISS  (MG/L  AS  CU)  <.002  ZINC. DISS   (MG/I   AS  7N)  .066 

LITHIUM, DISS(MG/L  AS  I.I)  .005  ZIRCONIUM  DTS(MG/I   AS  ZR  .003 

MOLYBDENUM. DISS (MO/L  MO)  J. 02 

remarks:  UATFR  CLOUDY  WITH  DUDDI  FS*  T  AS  IF  »  SMELL  OlvtllGHI  DROUN  '.IAIN  ON  FTITEn 
OUNERS  ADDRFSS  FCANS  RT  STOCKFTT 

explanation:   MG/I.  =  milligrams  per  LITER.  Ufi/L  =  MICROGRAMS  PER  LITER,  MF  O/L  = 
Mil  L  IFQUIVri  FNTS  PFR  LITER.   FT  ^  FLFT.  MT  =  ME  FERS  .    (M)  =  .IFASl.'RFD,  (F)  = 
ESTIMATED.  (R)  =  REPORTED.   TR  =  TOTAL  RECnVFRAELE .    TOT  ^  TOTAL. 


QU   UA   S2   UI   OU   P'..J   AT        0  1  HER 


OTHER  AVAIL  API  F  DATA 
OTHER  FILE  NUMI'FRS: 


project:  cost: 

LAST  EDIT  date;   30  JUL  02  SY!   TP  *BCG 

PROCESSING  program:   F1730P  V2  (11/3/01)     PRINTED:   27MAY03 

PERCENf  MFQ/I.  (FOR  PTPFR  PLOT) 

CA    MG    NA     K    CL  S04  HC03   C03 

40.4  52.6   6.0   1.0   0.0  0.6  90.6   0.0 

note:    IN  CORRESPONDENCE.  PLEASE  RFFFR  TO  L  AF:  NUMF'.FR:   fl;'00494 


C-51 


CASCADC 
19N      4r 

1 

?:<*crnD 

wi-:i.  L 
j6no.     FT   <  to 

P'JCKKT/T.TOF'WATCH 
100.        TT     (E) 
0.                         - 

4.5 

0.13 

A5.5 

!  .  36 

5.V? 

0.42 

.05 

0.04 

MGNTAHA    PKRIEAU    OF    M/NFR    AMD    GFOLOGY  UATrF,"    QUALITY    ANALYTIC 

BUTTT^hONTANA       f-;970.t        ( 406 )  49A    4 1 0 1  LAf!    NO.     8200495 

GTAir  MONTANA  COONTY 

LATTTUriF:-  I.OfJGTTlJDr  A7U22'A2't)     niDlt'r^OMJ  fJITr    LDCAT.TON 

UTM    COORrilNATrS  ■/          N  C                                                MRMG    S I TC 

TOronRAF'HIC    MAP  SnurHTART    GRTAT    FAILS    7    1  STATION     ID 

GEOLOGIC    GO(JRCC                         *  *  *       <3AhPL.r:    GOORCT 

DRAINAOr    PASIN  PP  LAND    SURFACT    ALTITUPF 

AGFNCY    •^     SAMPLER  MrsMG*UJD  SUSTAINED    YIELD 

BOTTLE    NIJMPER  LAROCntJ  YIELD    MFAS    METHOD 

DATE    SAMPLED  TOTAL     DEETM    OE    UELL 

TIME    SAMPLED           ?          HOURS  SUL     ADOVE<   •)     OR    PELOU    GS 

LAP    +     ANAL.YST  MRMG«ENA  CAGING    DIAMETER 

DATE    ANALYZED  tA-  JLILB2  EASING    lYK-E 

SAMPLE    HANDLING  COMPLETION    TYPE          ? 

METHOD    SAMPLED  PUMPED  PERFORATION     INIERVAl. 

WATER    (JSE  DOMESTIC 

SAMPLING  SITE  LAROCOUE ,  H«TURNOEF  ,1.2MI  SU  OF  SAND  COULEE 
GEOLOGIC  SOILRCE 

MG/L.  MEQ/L  MG/L  MEO/l. 

CAI  CniM    (CA)  31.5  4,07  BICARBONATE    (HC03)  407.        A. 67 

MAGNESIUM  (MG)  47.7  3.92  CARPONATE  (C03)         .0 

SODIUM     (NA)  14.7  0.64  CHLORIDE  '.CD 

POTASSIUM   <K)  2.9  0.07  SULFATE  (S04) 

IRON        (EE)  <.002  NITRATE  (AS  N) 

MANGANESE  (MN)         .12  0.00  FLUORIDE  (E) 

SILICA   (SI02)  0.5  PHOSPHATE  TOT  (AS  P) 

TOTAL  CATIONS  0.71  TOTAL  ANIONS  0.63 

STANDARD  DEVIATION  OE  ANION  CATION  PALANCE    (SIGMA)         0.75 

LAPORATORY  F'H      7.51  TOTAL  HARDNESS  AS  CAC0.3  399.84 

FIELD  UATER  TEMPERATURE  TOTAL  ALKALINITY  AS  CAC03  333.01 

CALCULATED  DISSOLVED  SOLIDS  432.60  SODIUM  ADSORPTION  RATIO  0.32 

GUM  OE  DISS,  CONSTITUENT  639.19  RYZNAR  STABILITY  INDEX  6.62 

LAP  SPEC.COND.  (MICROMHOS/CM)  766.5  LANGMER  SATURATION  INDEX  0.44 

PARAMETER  VAL.UE              PARAMETER  VALUE 

TEMPERATUREf  AIR  (C)  63.  CNDUCT  VY » E I  El.  D  MICROMFIOS  755. 

riFI  D  FH  7.39  ALKAL  IN  I T  Y » :- L.  P  ( AS  CAC03)  347. 

ALUMINUMf  DISS  (MG/L  AL)        <.03  NICKEL fPISS  (MO/L  AS  NI)  <.01 

SILVER, DISS  (MG/L,  AS  AG)        <.001'  L.EAD,DISS   (MG/L  AS  PD)  <.04 

PORON  ,DISS  (MG/L  AS  P)          .04  STRONT I UM , D 1 SS  (MG/L  SR)  .35 

CADMIUM»DISS(MG/L.  AS  CD)        <.002  TITANIUM  DIS(MG/L  AS  TI)  <.001 

CFIROMIUM,  DISS  (MG/L-CR)        •'■.002  VANADI UM » DI SS  ( MG/L  AS  V)  '-'^^i 

COPPER, DISS  (MG/L  AG  CU)        <.002  ZINC, DISS   (MG/L  AS  ZN)  .013 

LITHIUM, DISS(MG/I.  AS  LI)         .023  ZIRCONIUM  DIS(MG/L  AS  7R  <.003 
MOLYBDENUM,  DISS(M6/L.  MO)        <.02 

remarks:  FILTER  CLEAN*UATER  CLEAR 

HARVEY  LAROCOUE*SAND  COULEE,  MT 

explanation:   MG/L  =  milligrams  per  liter,  UG/L  =  MICROGRAMS  PER  LITER,  MEQ/L 
MILL lEQUIVELENTS  PER  LITER.   ET  =  FEET,  MT  ^  METERS.   (M)  =  MEASURED,  (E)  = 
ESTIMATED,  (R)  =  REPORTED.   TR  ^    TOTAL  RECOVFRAPLE.   TOT  =^  TOTAL. 


OU       UA   S2   UI  O'A       PU       AT       OTHER 


OTHER  AVAILABL.E  DATA 
OTHER  FILE  NUMPERS: 


PROJECT;  cost: 

LAST  EDIT  date:   30-. JUL  02  BY!   TP  *BCG 

PROCESSING  program:   Ft730P  V2  (11/3/Ot)    PRINTED:   27- MAY- 03 

PERCENT  MEQ/L.  (FOR  PIPER  PL.OT) 
CA    MG    NA     K    CL   S04  HC03   C03 
46.7  45.1   7.3   0.9   1.6  16.7  01.7   0.0 

note:   in  CORRESPONDENCE,  FM.EASE  REFER  TO  LAP  NUMBER:   8200495 


C-52 


MOHTAMA  BURCAl) 
DUTTF. MONTANA 


nr  njttFs  anh  nrni  ogy 

59701    (406)496  4101 


UATTR  QKAIJTY  ANAIYt^IG 
LAB  NO.  nPn049A 


GTATf 

LATITUPE  I  ONGITUnr 

UTM  rnORPINATrS 

TOFOf.RArmr   mat 
CFOi  nnrr   soiiRrr 

DRAINAGT  I:ASIN 
AGENCY  >     SAMF^I.  FR 

BPTTi  I  NimrrR 
DATE  SAMri rn 
TiMr  SAMPirr 

LAB    +     ANALYfJT 

riATT     ANAI   YZFIi 

SAMPl  F    HANDI   INC 

MCTHnn  r.AMrLrn 

UATFR    Ur^F 

CAMF-L  iNG  snr 

GEOLOGIC  SOllRCr 


(CA) 
<MG) 
(NA) 
(K) 
(FE) 
(MN) 

Gil  iCA   (r;ro2) 


CAL  CHJM 

hAGNFSTUM 

CODIUM 

rOTASKIUM 

IRON 

MANCANFSF 


MONTANA 

47riP3'o?'N   Mtnoa'f 

7           N                          C 

r.niJTHCACT     GRFAT 

F  AL 

:j;?0Mn5N» 

* 

Br 

1. 

MBMGXIRM 

BRI  ANGIJ 

?0      ItiN     02 

tBMf.     HOURS 

SUL 

M.-iMGtFNA 

\6-  JUL     R2 

rilMFFB 

nOMfSTIC 

BRIAN  GUI  ST  I 
MAP  I  RON  GROt.'P 


COl.'NTV 

5?*U     SITF  LOCATION 

MBMG  r,  TTC 

LS  7  1      STATION  \  Ji 

«   SAMPL r  SOURCE 

ANB  SURFAFF  ALTITIJBF 

sustain:  n  YITLB 

YICI  B  M»  AS  MFTUOB 

TOTAL    nrpiH  OF  uri  L 

ABOVF(      )     OR    BFLOW    liS 

CASfNG  niAMFTFR 

CASING  TYRF 

coMrrrTiON  TYPt: 

PERFORATION  INTFRVAL 


5  MI  SU  OF  CFNTFRVTLIE 
OR  I IMFGTONC 


MG/L 

09.0 

42.4 

10.2 

3.6 


MEO/I 


4.40  BTCARBONATF 


3. 

0. 
0, 


49 
44 
09 


12 


.002 
.OOt 
.4 


CARBONATE 

CHI-ORIBE 

SULFATE 

NITRATE 

FLUOR TBF 

PHtlSPMATF 


TOT 


(HC03) 

(ro3> 

(CD 

(S04) 

(AS  N) 

(F) 

^r\s   P) 


CASLAiiL 

19N   f.f. 


19*CAAB  01 


'01 


4/?302tt tOB* 
ur  I  L 

.1510.   >  r   10 

13.n  GPM 

BilCKLT/STOPUATCH 
?90.   FT  (R) 
196.90  FT  (M) 
:.     I N 

STFFL 


fIG/L 
215.7 
.0 
3.3 
22f5. 
3.55 
.41 


TOTAL  CATIONS 


TOTAL  ANIONS 


M>  n/L 

3.54 

0.09 
4.75 
0.25 
0.02 


0.6; 


STANPARB  BFVIATION  0.*^  ANION  CATION  BAl  ANCF 


(SIGMA) 


0  63 


LABORATORY  F'H  7, 

riFLP  WATER  T.'^NPFRATtlRr  l? 

CALCULATEB  BISSOLVFB  SOLIBS  499, 

GUM  OF  BISS.  CONST! rUFNT  A09 

LAB  SPEC.CONB. (MICROMHOS/CM)  741. 

PARAMETER  VALUE 

TEMPERATURE »  AIR  (C)  82.   F 

FIFLB  PH  7.00 

ALUMINUM*  BISS  (MG/LAL)  ..03 

SILVER. PISS  (MG/l  AS  AG)  '..002 

BORON  rBISS  (MG/L  AS  B>  .05 

CAPMIUM. BTSS(MG/l   AS  CD)  <.002 

CHROMIUM.  BISS  (MG/LCR)  <.001 

COPFTR.BISS  (MG/L  AS  CLD  .007 

LITHIUM. DISS(MG/L  AS  LI)  .033 

MOLYBBFNUM. DISS (MG/L  MO)  <.02 


4  4  TOTAL  HARDNESS  AS  CAC03 

C  TOTAI   ALNAL  rnTTY  AS  CACOJ 

92  SOBIUM  ABSORPTION  RATIO 

36  RY2NAR  STABILITY  INBEX 

6  LANGLIFR  SATURATION  INDEX 

PARAM.'^TER 
CNBUCTVY, FIELD  MICROMHOS 
ALKALINITY. FLB(AS  CAC03) 
NICKEL, BISS  (MG/L  AS  NI) 
LEAP, BISS   (MG/L  AS  PB> 
STRONTIUM. BISS  (MG/L - SR ) 
TITANIUM  PIS(MG/L  AS  TI) 
VANADIUM. DISS (MG/L  AS  V) 
7  INC, PISS   (MG/L  AS  7N) 
7IRC0NIUM  BIS (MG/L  AS  7R 


390, 

176. 

0, 


75 
91 

16 
14 


V.-M  UE 
!^26. 
132.0 
.01 
•■.04 
.56 
<.001 

:.ooi 

.24 
<.O03 


REMAR.SS:  UATER  CLEAR  *  TASTE  R  GM."^!.  L  ON  *  CLEAN  FILTER 
OWNERS  ADDRESS  STAR  RT  STOCKETT 


EXPIANATION:   MG/I   -  milligrams  per  liter.  UG/I   =  MICROGRAMS  PER  LITER.  MEQ/I 


MILI IFOUIVELENTS  PER  LITER, 
CGTIMATEB,  (R)  =  REPORTED. 


FT  =  FEET.  MT  =  METERS. 
TR 


OW 


oth.'ir  available  pata 
other  file  numbers: 

project: 

LAST  EPIT  pate: 

PROCESSING  program: 


UA 
Y 


TOTAL 
'   UI 


RECOVERABLE , 
OU   F'lJ   AT 


30  .JUL  02 

F1730P  V2  (11/3/Bl) 


cost: 

by: 

printfb: 


percent  MEQ/L   (FOR  PIPER  PLOT) 
CA    MG    NA     K    CI    S04  HC03 
;2.7  4  1.0   5.2   J.l   l.t  56.7  4  2.2 


(M)  ^  MEASURED.  (F)  = 
TOT  =  TOTAI  . 

OTHER 


TP  *BCS 
27-  MAY-03 


C03 

0  .0 


note: 


IN  CORRESPONPFNCF  ,  PLEASE  RFFFR  TO  lAB  NIIMBFR:    r:;'004V6 


C-53 


MONTANA  RURTAU  OF  MINFr,  ANP  GmL  OGY 
DUTTtirKONTANA   59701    (  406  )  49A  ■  41  0  1 


UATTR  QUALITY  ANAl 
LAB  NO.  R2n0497 


YGI! 


LATTTUnr-  1.0 
UTh  COOR 
TOPOBRAr 

CEiOLonrc 

DRA.TNAG 
AGENCY  1 

noTTi.r 
DAirL 
timk: 

LAFi  I- 
DATT  A 
GAMPI..F  H 
MCTHOD 
UA 


GTATF 
NG.TTUnr 
niNATFn 
H.TC  MAP 

GOURCir 
r  BASIN 
SAMPI.FR 

NUhBF.R 
GAMPl.rn 

fiAMf'i.rn 

ANALYST 

NALYzrn 

AN  Ml..  TNG 
GAMPLFD 
TFR  UGF 


CAMPI   ING    GITT 
CEOI.OGIC    GOl/RCF 


MONTANA 
47024 'Ofi'N 
7    N 
SOUTHFAr.T 
330MDGN* 

MnMG*UJD 
GKAVIJI.  A 
21  JON  02 
10:40  HOURG 
MBMG*FNA 
14- JUL  02 

FIJMPFP 
naMFGTTC 


KAVI.II.  I.  Af  GFORGE* 
MAniGON  GROOF'  OR 


lUri09'51'U     G 
C 
GRfAT  FALI,  G  7  1 

*         *   G 

LAND  SURF 

GUG 

YIFI.  D 

TOTAL  P 

GUI.  APOVFC-  ) 

CAG 


COM 
FTRFORAT 


GANP  rnuLF 

LIMrGTONC 


COUNTY 

ITT  LOCATION 

MBHG  GITF 

STATION  IP 

AMPI  F  GOL'RCL" 

ACT  AI..TITUPF 

FAINFO  YIFLD 

MFAS  MLTUOP 

FPIH  OF  UFLI. 

OR  PFI.  OU  GG 

ING  PIAMFTER 

CASING  TYPF 

PLFTinN  TYPF 

ION  INIFRVAL 


CAGCADC 
IVN   4F 


47240; 
IJFLL 


11    ACCt! 
11 1095101 
10 


34A0.        FT     < 
3  .  ?    GPM 

Pucfa:T/sTOPUA 


328, 
1/..5. 
A  IN 

STPFI 

01* 


"T  (R 
FT  ( 


F.  MT 


TCH 

) 


I 


CAI.  cruM 

MAGNFGIUM 

SODIUM 

POTASSIUM 

IRON 

MANGANESE 


(CA) 
<MG) 
(NA) 
(K) 
(FE) 
(MN) 


MC/I. 

111. 
44.4 
13.6 


MFD/I. 
S  .  S  4 
3.A5 


MG/L 


SILICA   <GT02) 


i; 


.007 
.004 
.3 


0, 
0, 
0 
0. 


5? 

on 

00 
00 


BICARPONATF 

CARFONATF 

CHLORIDE 

SULFATE 

NITRATE 

Fl.  UORIPF 


<HC03) 

(C03) 

(CD 

(SD4) 

(AG  N) 

(F  ) 


MKn/L 


06. 

■1 .  67 

.0 

9.7 

0.27 

36. 

4.91 

1.07 

o.oa 

.57 

0.03 

PHOSPHATE  TOT  (AJ 


) 


TOTAL  CATIONS  9. 07  TOTAL  ANIONS 

GTANPARP  PFVIATION  OF  ANIONCATION  BALANCF    (SIGMA) 


9.90 


0.46 


LAtORATORY  PH 

riFLP  WATER  TEMPERATURE 

CALCULATED  DISSOLVFD  SOLIDS 

SUM  OF  PIGG.  CONSTITUENT 

LAE!  SPEC.CONli.  (  MI  CRDMUOS/CM  ) 

PARAMETER 
TEMPERATURE,  AIR  (C) 
FIELD  PM 

ALUMINUM,  PISS  (MG/L-Al.  ) 
SII.VER^DIGS  (MG/L.  AG  AG) 
DORON  ,DISS  (MG/L  AS  P) 
CADMIUM, PIGS(MG/L  AG  CD) 
CHROMIUM,  PISS  (MG/L-CR> 
COPPER,  PIGG  (MG/L.  AG  CU) 
LITHIUM, DISS(MG/L  AS  LI) 
MOLYRPENUM,  PIGG  (MG/L.  -MO) 


7.  i: 


57  2 

74 

717. 

05 

R46. 

1 

VALUE 

75 

f 

A. 

30 
.03 

y- 

.002 

.07 

.002 

.004 

.012 

.020 

.'.. 

,02 

TOTAL  HARPNFSS  AS 
TOTAL.  AL\A!.  INITY  AG 

SODIUM  ADSORPTION 

RY7NAR  STABILITY 

L  ANGI.  IFR  SATURATION 


CAC03 
CAC03 
RATIO 
INPEX 
INDEX 


PARAMETER 
CNPUCTVY, FIELD  MICROMHOS 
ALKALINI  rY,ELP(AG  CAC03) 
NICKEL, DISS  (MG/L  AS  NI) 
LEAP, PIGG   (MG/L.  AG  PP) 
STRONTIUM, PISS  (MG/L - SR) 
TITANIUM  PIS  (MG/L.  AG  TI) 
kJANADII.IM,PISS(MG/L  AS  V) 
7INC,PIGG   (MG/L  AG  ZN) 
7IRC0NIUM  DIS(MG/I.  AS  ZR 


459.92 

23  1.57 

0.20 

7.02 

0.07 

VAL  UE 
633. 
!45. 
<  .  0 1 
.06 
.G6 
<.001 
.  003 
.70 
<.003 


REMARK! 


FILTER    LIGHT    PPOUN*WATER    CLOUPY 
GEORGE    KAVlJL  LA*GANP    COULEE,     MT 


explanation:  mg/l 


MILLIGRAMS  PFR  LITER,  UG/L 


MICROGRAMS  PFR  L  1  FK  R  ,  MFQ/L 


MILL lEQUiyELENTG  PER  LITER. 
ESTIMATEP,  (R)  =  REPORTED. 


OTHER  AVAILABLE  PATA 


QU 


FT  =  FEET,  MT  -  METERS 
TR  ^  TOTAL  RECOVFRAPLF. 


UA 
Y 


UX   OU   PU   AT 


(M) 

TOT  ■■ 


:  ME.^,SI;RED,  (E)  = 
TOTAL. 


OTHER 


project: 

LAST  EDIT  pate: 

PROCESSING  prhgram: 


30  JUL  02 

F 1730P  V2  ( 1 1/3/01  ) 


cost: 

PY  • 

irinffp: 


PERCrNF  MEO/L.  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03 
56.1  37.0   6.0   O.G   2.0  49.0  4  7.5 


TP  *BCG 
27  MAY- 03 


C03 
0.0 


note:   in  correspondence,  please  refer  to  lap  NUMI:ER:   02Q0497 


C-54 


MONTANA    BiJREAU    OF     hlNTS    AND    RrOLOGY 
DUTTfl. MONTANA       59701        (A06)A96    A\0\ 


UATCft    QtiAlITY    ANAl.rSIS 
I  Afi     NO.     n?00^90 


GTATF 
LATITUDF- I ONGITUDF 

UTM  rnnRPiNATr:; 
TornGFAFHir  map 
CFOi  nr.ir  sotjRcr 

riRAlNAGF     riASIN 

agency  >  samplfr 

d0t1if  nijmbcr 

date:  sampi  fd 

TIMF  r.AMPLFn 

LAr<     f     ANAl  YfiT 

DATF     ANAl.  Y7FD 

GAMPI  F     HANDl  ING 

mcthop  GAMPI  fd 

UATFR    UGF 

CAMPLING    SITF 
GFOIOGIC    SOI/RCF 


CAI.  r.IUM 

MAGNESIUM 

GOnillM 

POTAF^niUM 

IRON 

MANGANFSE 


(CA) 
(MG) 
(NA) 
(K) 
(FE) 
<MN) 


Gil.  ICA        (GI02) 
TOTAL     CATIONS 


MONTAN 
A7T\?A  ' 

SnUTHF 
?70.IRG 

MPMGtU 
FUI  YrtA 
?1  •.IIIN 
09:  \5 
MBMG«F 
I'l     JIJI. 

PIIMPFD 
fiOMFGT 


A 

AST 

C« 

JD 
N 

02 
HOU 
NA 

82 


IC 


I   turi09'; 
c 

GREAT    FAI 

t 


RS 


SWI 


COUNTY    CAGCADC 
R'U  SITF    LOCATION     19N       4F 

MriMG    rilTC 
I S     7     1  STATION     tn 

♦        SAMPI  F     SOURCF 
LANIi    SlJfcFACF    AITITUDF 
G(r,TAINFn     YIFLD 
YIFLP    ML  AS    MLTHOn 
TOTAL     DEPTH    OF    'j:  !  I  1,11  . 

APOVr(-   )     OP    tFLOU    f.S  IM. 

CASING    niAMFTER  /     IN 

CASING    TYPE    STFFl 
COMPLFTION    TYPE  * 

PERFORATION     INIFRVAL 


12  DADA 

47245211 1092B01 
Ui  I  L 

14:jo.  fi  r    10 

7.0    GPM 
IMiCKET/STOPUATCH 
FT     (R) 
FT     <  R ) 


IYMAN.F«1ST    HOUSE    ACROSS    ROAD 
JDRARSIC    UNDIFFERENTIATED 


FROM    TRACY 


MG/I 
354. 
115. 
27.7 
5.5 
.024 
.004 
?5.Z 


MEQ/I 
17.AA    BICARRONATF 


9, 
1  , 
0, 


4«S 
20 
14 
0.00 
0.00 


CARBONATE 
CHI  OR  IDE 
SULFATE 
NITRATE 

fluoride 
phosphat: 


(HCOl) 

<C01) 

(CD 

<SD4) 

(AS    N) 

<F) 

TOT     (AS    P) 


MG/I 
507. 
.0 
10.9 
917. 
.1 .  .s  7 
.  10 


20.47 


TOTAL     ANIONS 


MFO/L 
0.31 

0.53 

19.51 

0.26 

0.  01 


2D.  62 


STANDARD  DEVIATION  OF  ANION  CATION  BALANCE 


(SIGMA) 


LADORATORY  PH 

FIELD  WATER  TEMPERATURE 

CALCULATED  DISSOLVED  SOLIDS 

GUM  OF  DISS.  CONSTITUENT 

LAD  SPEC.COND. ( M JCROMHOS/CM  ) 


7.5^ 


TCM 

FIE 

ALU 

Gil 

DOR 

CAD 

CHR 

COP 

LIT 

MOL 


PE 

ID 
Ml 
VE 
ON 
MI 
OM 
r-  T 

HI 
YB 


P 
RAT 

PH 
NUM 
R,  D 

»D 
IJM. 
lUM 
R.D 
UMf 
DEN 


ARAMETER 
UREf  AIR  (C> 

.     DISS     (MG/L  AL) 

ISS     (MG/l     AS  AG) 

ISS     (MG/L     AS  D) 

DISS(MG/l     AS  CD) 

.     DISS     (MG/I  CR) 

ISS     (MG/L    AS  CU) 

DISS  (MG/I      AS  II) 

UM»DISS(MG/I.  MO) 


1737. 
1974 

A-   X    /  A     < 

VALUE 


03 
20 


72 

7. 


.   F 

15 

.26 

,049 

.07 

.015 

.031 

.074 

.057 

.03 


TOTAl  HARDNESS  AS  CAC03 

TOTAL  ALNALINTTY  AS  CAC03 

SODIUM  ADSORPTION  RATIO 

RYZNAR  STABILITY  INDEX 

LANGLIER  SATURATION  INDEX 


1357.20 

415.03 

0.33 

5.12 

1  .21 

VALUE 

2240. 

426. 

.03 
.07 
1  .00 
.039 
.040 
.066 
.056 


REMARKS 


FILTER  CLEAN*WATER  CLEAR 
CVEl YN  I  YMAN*SAND  COULEE»  MT 


explanation:  mg/i 


MILLIGRAMS  PER  LITER»  UG/l.  ^  MICROGRAMS  PL  R  LITER.  MEO/L 


MILLIEQUIVELENTS  PER  LITER,   FT  ^  FEET*  MT  ^  METERS, 
ESTlMATEDr  (R)  =  REPORTED.   TR  ^  TOTAL  RECOVFRADIE. 


(M)  =  MEASURED.  (E) 
TOT  =  TOTAL . 


other  available  data 
other  file  numpers: 

project: 

LAST  EDIT  date: 

PROCESSING  program: 


OU 


UA 
Y 


ui  ou  ru     at 


05  JAN  03 

F1730P  V?  (11/3/ni) 


cost: 

BY  t 

printed: 


PERCTNT  MEU/l   (FOR  PIPER  PIOT> 
CA    MG    NA     K    CI    S04  flC03 
62.0  3  3.?   4.2   0.5   1.7  60.0  29.3 


OTHER 


IP  *TP 

27  MAY  03 


cn3 

0.0 


note:   IN  CORRESPONDENCE.  PLEASE  REFER  TO  LAP  NUM£:ER:   0200490 


C-55 


MOMTAMA  DIJRE:A(J 
liUTTTf  MONTANA 


or  MI  NFS  AND  GrOLOGY 
59701   (40A)49&-  41.01 


UATFR  QUALITY  ANAL.YSI: 
LAB  NO.  B:.'n04  99 


LATITLinr  LO 
UTM  COOR 
TOrOGRAP 
CCOLOGIC 
DRAIN AG 
AG^:NrY  f 
DOTTLT 
DATIT 
TIMFT 
LAD  1 
DATT  A 
GAMF'I  F  M 
METHOD 
UA 


GTATC 
NGTTIJDF 
DINATFS 
MIC  MAR 

ROtJRre 
r  PAS  IN 
SAMFI.  .TR 

NllMPrR 
SAMPLED 
SAMPI.  ED 
ANALYST 
NALY7ED 
ANDI.  INC 
SAMPLED 
TER  USE 


MONTA 

47D?3 

7    N 

SOUTH 

330MD 

DP 

MDMG* 

NET 


NA 
4A' 

EAST 
SN* 

HRM 


09'U 


I    111D09 

E 
GREAT  EALLS 

* 


MPMG* 
lA  JU 

PIJMPF 
DOMFS 


HOURS 
fNA 

L  S.? 


SUI 


D 
TIC 


AND  STOCK 


COUNTY 

SITE  LOCATION 

MDMG  SITE 

7  1     STATION  ID 

*   SAMPLE  SOURCE 

LAND  SURFACE  ALTITUDE 

SUSTAINED  YIELD 

YIELD  MEAS  MF THOD 

TOTAL  D-TPTH  OF  UEI.  L 

APOVE(-  )  OR  PELOU  GS 

CASING  DIAMETER 

CAGING  TYPE 

COMPLETinN  TYPE 

PERFORATION  INTERVAL 


CASCADE 
19N   5E 


10*CPDD 


47234A11 1090901 
WEI.  L 
13455.       FT     :     tO 
11 .?    GPM 
PliCKET/STOPUATCI 
t  75.        FT     (R) 

7^.7h    FT     (M) 
n     IN     ( M ) 
STEEL 
* 


SAMPLING  SITE  TERRY  NET*. 75  MI  NU  OF  CENTERVILLE 
GEOLOGIC  SOURCE  MADISON  GROUP  OR  LIMESTONE 


CALCIUM 

MAGNESIUM 

SODIUM 

POTASSIUM 

IRON 

MANGANESE 


(CA) 
(MG) 
(NA) 
(K) 
(EE) 
(MN) 


MG/L 
A5. 
23. 


MEO/L 


MG/L 


MEO/L 


5 

6 

t 

1 

018 

002 


3, 
1  , 
0, 
0, 
0, 
0, 


SILICA   (SI02) 
TOTAL  CATIONS 


2  7 
94 
31 
00 
00 
00 


60 


PICARPONAT 

CARPONATF 

cm  ORIDE 

SULFATF 

NITRATE 

FLUORIDE 

PHOSPHATE 


TOT 


(HC03) 

(C03) 

<CL) 

(S04) 

(AS  N) 

(F) 

(AS  P) 


271  .3 

4.45 

.0 

3.1 

0.0'^ 

4,^> .  7 

1  .  37 

5.<'>9 

0.41 

.50 

0.03 

TOTAL  ANIONS 


STANDARD  DEVIATION  OF  ANION  CATION  PAl  ANCE 


(SIGMA) 


3  . 0 1 


LAPORATORY  PH  7 

FIELD  UATER  TEMPERATURE  12 

CALCULATED  DISSOLVED  SOLIDS  323 

GUM  OE  DISS.  CONSTITUENT  4A1 

LAP  SPEC.COND. (MTCROMMOS/CM)  500 

PARAMETER  VALUE 

TEMPERATURE r  AIR  (C)  85 .   F 

FIELD  ?\\  7.12 

ALUMINUM..  DISS  (MG/L-AL)  .04 

GIL. VER»  DISS  (MG/L.  AS  AC)  .024 

PORON  fDISS  (MG/L  AS  P)  <.02 

CADMIUM»DISS(MG/L.  AS  CD)  ,007 

CLiROMIUMf  DISS  (MG/L-CR)  .05  5 

COPPER » DISS  (MG/L.  AS  CU)  .028 

LITHIUMf DISS (MG/L  AS  LI)  .025 

MOL.YDDENUMf  DISS  (MG/L  MO)  .02 


.  <f.n  TOTAL  HARDNESS  AS  CAC03 
.5  C  TOTAL  ALKALINITY  AS  CAC03 
.66  SODIUM  ADSORPTION  RATIO 
.31  RY7NAR  STADILITY  INDEX 
.7    LANGIIER  SATURATION  INDEX 

PARAMETER 
CNDUCTVY. FIELD  MICROMHOS 
AL.KALINITY»EL  D(AS  CAC03) 
NICKEL » DISS  (MG/L  AS  NI) 
L.EAD»DISS   (MG/L  AS  PB) 
STRONTIUM, DISS  (MG/L -SR> 
TITANIUM  DIS(MG/L  AS  TI) 
VANADIUM, PISS (MG/L  AS  V) 
ZINC, DISS   (MG/L  AS  ZN) 
ZIRCONIUM  DIS(MG/L  AS  7R 


2  6  0 

O  /•»  o 

6 

0 


6.33 


69 
51 
19 

99 

34 


VAL  UC 


132 


.02 

05 
,36 

001 
.015 

16 

024 


remarks:  UATER  CLEAR*SMELL  AND  TASTE  OK*SOLID  PROUN  SPOTS  ON  FILTER  SI 
OUNERS  ADDRESS  POX  95  S LAR  RT  STOCKETT 
lap:  FU  CA  76.6,  MG  27.9  GIVES  6.51  MEQ  CATIONS  FOR  - . 84  SIGMA 


L  T 


explanation:  mg/l. 


MILL.IGRAMS  PER  LITER,  UG/L 


MILL  lEQLLIVELENTS  PER  LITER 
ESTIMATED,  (R)  =  REPORTED. 


FT  =  FEET,  MT  =  METERS 
TR  =  TOTAL.  RECOVERA.SL  E  , 


MICROGRAMS  PER  LITER,  MEQ/' 

(E)  = 


QU   UA   S2   UI   OW   PW 


AT 


OTHER  AVAILABLE  DATA 
OTHER  FILE  NUMPERS: 


PROJECT 

LAST  EDIT  DATE 

PROCESSING  PROGRAM 


30  -JUL-02 

F1730P  V2  (11/3/01) 


COST : 

by: 

printed: 


PERCENT  MEQ/L  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03 
iO.4  34./   5.5   1.4   1.5  23.2  75.3 


(M)  -^  MEASURED, 
TOT  =  TOTAL. 

OTHER 


TP  *BCG 
27-  MAY-  83 


003 

0.0 


note:   IN  CORRESPONDENCE,  PI  EASE  REFER  TO  LAP  NUMPER:   8200499 


C-56 


MONTANA  PUREAU 
DUTir .MONTANA 


or     MINTS    ANti    OFOI  OCY 
fi9701         iA06)A96     A\0\ 


LATITlinr     LON 

uiM  rnoRP 
ToronRArH 
CEOi  onrn 

DRAINACr 

AGEiNry   >   s 

POTT  I.  y 
PATT 

TiMr 

LAB    +     A 

PATH     AN 

GAMTI.  r    HA 

MCTMOP    S 

UAT 


GTATF 

GiTunr 

JNATTS 
IC     MAT 

r.ooRcr 

PASTN 
AMP(  :■  R 
NIJMPTR 
AMPI  6:d 
AMRI TD 
NAl  YI^T 
Al  YZEP 
NHL  I  NO 
AMF-Lrn 

rR  ic^r 


h  0  N  T  A 
47TI24 
7  N 

r,nuTH 
:^:^OMn 

F;>: 

MBMG* 
KA.JAI 
20  .)() 
1  5  : 1  5 
Mr<Mfi» 
t  4     JU 


NA 

'  4  fl  •  N 

EAST 

cut 

UJP 

A 

N    02 

HOUR! 
FNA 
I.     B? 


UATTR    QUALITY    ANAtYSIC 

LAP   NO.    nr.'oosoo 

rOIINTY     CAHCAPL 


1 \ 1P09'4A'U 
C 
GRFAT     PAL 

* 


L 


rUMPFP 
POMFflTrC 


r.  ITF    I  OTATION 

nr^fin   '^itc 

7     t  r,TA1  ION     \U 

t       r>rtMRI  :•"     nOURCE 
I  ANP    SURFAfF    Al  TITIJPF 

rjur.TAiMrii   yiflp 

YIEI  D  MFAT  ML  THOP 

TOTAL  nrriH  nr  uri  i 

ZUL    APOVF(   )  OR  BFLOW  GK 

CASING  niAMfTFR 

FACING  TYK-f 

COMF'I  FT  TON  TYPF 

rCRFORATION  INTFRVAL 


1VN   4F  12  pr.AA 

47244^1  I 1094A01 
U:   I  I 
3440.    FT     to 
GPM 

purrL  L/r-TOF-UATrM 

1511.   FT  <R) 
101  .1/i  FT  (M' 

<,.f,     IN  (  R ) 

STFFl 

01  * 


CAMFI  TNG  SITF 
CrOlOGTG  GOl/RCS" 


FAST  AfROSS  HI  WAY  TRACYt.lRP 
MAPISnN  GROtlR  OR  IIMFSTONC 


HOnSF  ON  RIGHT 


MC/L 


MFO/I 


CAI  nUM           (CA) 

7-5.0 

3.  70 

pjc:arpona 

MAGNTSIUM     < MG ) 

26.fi 

2.30 

CARPONATF 

GOP  HIM             (NA) 

11  .0 

0.51 

CHt.  OR  I  PC 

roTAsr.jiJM     (K) 

2.5 

0.06 

Sill  FATF 

IRON                   (FE) 

<.002 

NTTRATC 

MANGANEGF     < MN > 

.005 

0.00 

FLUOR  J PF 

GIL ICA        (GI02) 

11.0 

PHOSPHATE 

TOTAL     CATIONS 

6.54 

T 

TOT 


(Hrn3) 

(C03) 

<CL) 

(S04) 

(AS  N) 

(F) 

(AS  P) 


MG  'I 

.0 
9.2 
133. 

.no 

.54 


TOTAL  ANIONS 


MFlJ  'I. 
3.0.3 

0.2i, 
2.  77 
0.06 
0.03 


6.9; 


GTANPARR    PFVIATION    OF    ANIONCATION    BALANCF 


(SIGMA) 


2.01 


LAPORATORY    PH 

FIFLP    WATER    TFMPFRA TURC 

CALCUl.ATFP    PISSOI.VFP    SOL  IPS 

GUM    or    OISS.     CONSTl  TILFNT 

LAP  SPFC . CONP . (MICROMHOS/CM) 


7.5fi 


PARAMETER 
TEMPERATURE.  AIR  (C) 

rtri  p  r\\ 

ALUMINUM.  PISS  (MG/I-AL) 
Gil  VER.  PISS  (MG/I  AS  AG) 
PORON  .PISS  (MG/L  AS  P) 
CAPMIUM, PISS(MG/L  AS  CP) 
CHROMIUM.  PISS  (MG/L-CR) 
COPPER. PISS  (MG/l  AS  CU) 
LITHIUM. PISS (MG/L  AS  LI) 
MOl  YBPENUM.PISS(MG/'L  MO) 


307, 

505 

617, 

VAl.UC 


05 
7. 


F 
35 

.00 

.014 

.02 

.006 

.01  0 

.020 

.032 

.02 


TOTAL  HARPNESS  AS 
TOTAL  AL  ^Al  INITY  AS 

SOPIUM  ADSORPTION 

RY7NAR  STAPH  I  TV 

LANGL IFR  SATURATION 


CAC03 

CArit3 
PATIO 
INPEX 
TNPrX 


PARAMETER 

rNPunTyy.F  ill  p   mh-ROmhus 

AL  KAL  TNTTY.n  P(  AS  f  ACO.i  - 
NICKEL .PISS  (MG/L  AS  NI ) 
I  EAP.PISS  (MG/L  AS  PP - 
STRONflllM.  PISS  (MG/I  ST.) 
TITANIUM  PIS (MG/L  AS  TI) 
VANAPIUM.PTSS(MG/L  AS  V) 
7INC.PISS  (MG/L  AS  ZN) 
7TRC0NIUM    PIS(MG/I      AS    2R 


290.35 

171 .67 

0.30 

7.  10 

0.24 

VAL  UC 

640. 
'00. 
.  01 
.04 
.73 
.004 
.016 
.15 
.020 


remarks:    filter  rusty   proun»uater  ci.oupy 

richard  kujala«rox  53ksanp  coulee 

lap:  FU  CA  00.4.  MG  20. 4,  NA  12.7  GIVES  6.96  MIR  CATIONS  FOR 


.07  SIGMA 


explanation:     mg/l  =  milligrams  p:;:r  liter,   ug/l    =  mic.mograms  per  liter,   meq/i. 


MILL ILQUIVFLENTS  PER  LITER 
CGTIMATFP,  (R)  -^  REPORTFP. 


FT 
TR  : 


QU 


other  avail  able  pata 
othkr  file  numpfrs: 

pro.ik.ct: 

LAST  EPTT  pate: 

PROCESSING  program: 


UA 

y 


:  FELT  .  ML  =  Mr  TERS 
TOTAL  RFCnVERA^tLL:  . 

!  ui  nu     rw-     AT 


30  -.IIH  02 

Ft730P  V2  ( 1 1/3/01 ) 


COST; 

BY  ; 

PRINTFP; 


PERCENT  MEQ/L  (EO.S^  PIPER  PLOT) 
CA    MG    NA     K 
17.0  33.3   7.f»   1.0 


CI         S04    HC03 
3.0    40.4    55. R 


(M) 
TOT 


■■    MIASUREP.     (E)     = 
TOTAI    . 


OTHER 


TF'   *ncG 

2/  MAY  R3 


C03 
0.0 


note:    in  CORRESPONPENCE.  please  refer  TO  I  AP  NUMPFR 


02Q0500 


C-57 


MONTAMA  PURiTAll  OF  MINITS  AMP  GFOL  OGY 
rUTTfjMOWTANA   59701   ( A06)  A96-  AXOX 


UATFR  QUALIFY  ANAI..YSIG 
LAEi  NO.  B2Q050t 


GTAT.7 

MONTANA 

LATiTunr-  i.ongitudf: 

A7T)26'?2'U    uinio': 

UTh  CnORniNATFS 

7    N 

z 

TOfOnRAF'HIC  MAP 

SOUTHEAST  GRTAT 

F  Al 

croinnic  snu.s;r,r 

.1.70MDGN* 

* 

riRA.TNAGf:  PAS. IN 

E:E: 

I 

AGFNCY  >  SAMF'I  FR 

M.-^MGJltllRH 

FOTlir  NUMXiFR 

.lOMNSON 

DA T.T  GAMPI  Ffi 

in  JDN  02 

TIMT  SAMPirn 

14:05  HOURS 

SWL 

LAr<  1-  ANAI.  YGT 

MnMG*FNA 

date:  analyztd 

16- JUL -B2 

GArtPl.F  HANDLTNC 

MCTHOD  SAHPI.  TD 

rUMFTD 

UATITR  DGr 

nOMFSTIC  AND 

GTOCK 

COUNTY 

29'U     r.TTF  LOCATTON 

MBMG  GITC 

I.  S  7  1     STATION  ID 

*   SAMRI F  GOURCF 

LAND  SURFACr  ALTITUDF 

GUGTAINFO  YXFLD 

Yin.  D  MFAS  Ml  THOD 

TOTAL.  DFPTH  OF  Ulrl.l. 

AFOVr(  )  OR  PFLOW  GS 

GAGING  DIAMFTFR 

GAGING  TYPr 

COMRI.FTrON    TYPt: 

PEIRrORATION     INTERVAL 


cagcadl: 
20N   5r 


J.l*r.DAA 


472A221 1 1 102901 
IJFI.  L 
:3400.   F  I    10 
5  ,  1  GPM 
PUGKE  T/GTOPWAICJ 
125.   FT  (R) 

AS. 45  FT  (M) 
6    IN  (M) 
STPFL 
* 


SAMPLING  SITF  GFNf:  .JOHNSON  RANCH  1.75  MI 
GEOLOGIC  GOURCF  MADIGON  GROUP  OR  L.IMFGTONC 


NE  or  TRACY 


MG/L 


MFO/L 


MG/L 


MFQ/L 


CALCIUM    (CA) 

146. 

7.29 

DICARBONAT 

<r 

(HC03) 

421  . 

/. 

90 

MAGNESIUM  (MG) 

03.3 

6.05 

CARBONATE 

(C03) 

.0 

GODIUM     (NA) 

107. 

4.<S5 

CHI  OR  IDE 

(CD 

13.9 

0 

39 

POTASSIUM   (K) 

3.3 

O.OR 

GUI  FATE 

(S04) 

5A4. 

1  1 

74 

IRON        (FE) 

.002 

0,00 

NITRATE 

(AG  H) 

?.?6 

0 

21 

MANGANESE  (MN) 

.002 

0.00 

FLUORIDE 

(F) 

.37 

0 

>02 

GIL.ICA   (SI02.) 

19.3 

PHOSPHATE 

TOT 

<AG  P) 

TOTAL  CATIONS 


10.00 


TOTAL  ANIONS 


19.27 


STANDARD    DEVIATION    OF    ANION  -CATION    PAl.ANCE 


(SIGMA) 


1  ,01 


LABORATORY  F'H 

Eirr.L.D  WATER  TEMPERATURE 

CALCULATED  DISSOLVED  SOLIDS 

GUM  OF  DISS.  CONGTirUFNT 

LAB  SPEC.COND. ( M I CROMHOS/CM ) 


TEMP 
FIFE 
ALUM 
GIL.V 
BORO 
CADM 
CHRO 
COPP 
LITH 
MOLY 


ERA 
D  P 
INU 
FR, 
N  f 
lUM 
MIU 
ER. 
lUM 
BD 


PARAMETER 
TURE»  AIR 


(C) 


M,  DISS  (MG/L- 
DIGS  (MG/L  AS 
DISS  (MG/L  AS 
»DISS(MG/L  AS 
M,  DISS  (MG/L- 
DIGG  (MG/L.  AG 
» DISS (MG/L  AS 
NUM. DIGS (MG/L 


AL  ) 

AG) 

B) 

CD) 

CR) 

CU) 

I.  I  ) 

MO) 


7.47 
9.0  C 
1147.52 
13A1 .13 
1505. 

VALUE 
77.   F 
7.00 

.06 

,011 

.23 

.002 

.008 

.021 

.067 

.02 


TOTAL  HARDNESS  AS 
TOTAL  ALKALINITY  AS 

SODIUM  ADSORPTION 

RYZNAR  STABILITY 

L  ANGLIER  SATLIRATION 


CAC03 
CAC03 
RATIO 
INDEX 
INDEX 


PARAMETER 
CNDUCTVYfF lELD  MICROMHOS 
AL  KAI..INI  rY,FL.n(AS  CAC03) 
NICKEL, DISS  (MG/L  AS  NI ) 
LEAD f DIGS   (MG/L  AS  PD) 
STRONTIUM, DISS  (MG/L -SR) 
TITANIUM  DIS(MG/L.  AG  TI) 
VANADIUM, DISS (MG/L  AS  V) 
ZINCDISG   (MG/L  AG  ZN) 
7IRC0NII.IM  DIS(MG/L  AS  7R 


707.4? 

345.29 
1.75 
6.  12 
0.67 

VALUE 
l.'.9R. 
394. 
V  .  0 1 
.06 
1.01 
.009 
.011 
.016 
.010 


remarks:  uater  clear*taste  and  smell  ok*filter 
ounerg  address  star  rt  sand  coulee 


CLEAN 


explanation:   MG/I   =  milligrams  per  liter,  UR/L  =  MICROGRAMS  PER  LITER,  MEO/I, 


MIL  L  lEQUIVFLENTG  PER  L  ITER, 
ESTIMATED.  (R)  =  REPORTED. 


FT    =    FFFT,  MT  -  METERS 
TR  =  TOTAL  RECOVERABLE. 


other  available  data 
other  file  numbers: 

project: 

LAST  Ml  IT  date: 

PROCESSING  program: 


OU       UA 


ui   oy   PU   AT 


05  -JAN  03 

F1730P  V2  (11/3/01) 


cost: 

by; 

printed: 


(M)  ^  MEASURED,  (F)  = 
rOT  =  TOTAL  . 

0  1  HER 


TP  *TP 
27  -MAY-  B3 


PERCENF  MEQ/L  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03 
30.6  36,3  24.7   0.4   2.1  61.7  36 . ? 


C03 
0  .0 


note:   in  correspondence,  please  refer  to  LAB  number:   R2Q0501 


C-58 


MONTANA  ruJR.'- AH  OF  fllNFf.  ANP  nfOinCY 
rUTTf .KOrn  ANA   5970t    (406)496  410t 


CTATT 

LAT iTunr  I  ONfii uipr 
UTM  rnnRriTNATf, 
Tornr.RArMTC  maf- 
crni  ofiir   nnoftrr 

IiRAlNAfir     TACIN 

AnrNCY     ♦     SAMPI.  fR 

rOTII.  r    NUMPTR 

DATF    f.AMPl  TD 

TiMf    nAMF-i  rn 

LAP     ♦     ANAl  YST 

HAT  I.    AMAi  Yzrn 

CAMPL  F     HANOI    INC 

METHon  r:AMri.Eri 

UATFR    OGC 

CAMPLING    STTF 
CFOinfiir    ROORCF 


WArfft    OlIAIirY     ANAlYf.  r 

I  An  NO.    n?oof,o? 


fin  r<T  ANA 

4  7  [1 1  0  '  t  9  •  N 

t  t  1  Ii  1  1 

N 

C 

r,TOrKKTT     7 

1  /'" 

??0.ii<^C* 

* 

FiF: 

MPMntHRh 

f^STNOI  F 

?1     JON    02 

14:39    HOUR? 

?M 

MPMG*FNA 

l(f-     JUI      B? 

PIJUPFD 

C(H)NT  Y 
09'U  '■.I  TF    I  nCATION 

nunc,   ^ITC 
r.lATION    \u 

t     r.AhPi  F    sfii/Rr.F 

LANfi    SURFAFF    ALTITl)I:F 

niici  A  in;  n  YrrLD 

YIFl  n    nFAS    MF I  HOD 

TOTAL      nrpJH    OF     U/ELl. 

AE:OVF<     )     OR    PFl  PU    OF. 

CAS  INfi    MAMFTFlv' 

FAG  INF.     TYPF 

rofiPirTinN   TYr-:" 

PERFORATION  INIFRVAL 


CAnCAPL 
tf!N   IF 


.3  APPP 


4^tni9in  no9o: 

UJ-I  L 

J9J0,       FT     ■      10 

s .  t   np.1 

lUJCKF  r/STOPUAICM 

5f,.     rr     t) 

7f. .  FT     (F) 

.'    IN  ( r ) 

PI  A5,  f  TC 


RAI  PH    r^INOLF    .l.?S    nl     F.U    OF 
.KIPAnR  fr    UNrirFF.TRFNTTATFD 


niOFKF  TT 


CAI  cruM 

MAF.NF  r,  IIJM 
con  I  DM 
POTASF.UIM 
IRON 

MANF.ANFCE 
Cri  ICA       <r 


(CA) 
(MF.  ) 
(NA) 
U.  > 
<FF  ) 
(MN) 
102) 


MG/I 
57. 
26. 


MEO/I 


r.G/l 


3 
4 
3 

00. 

oo; 

3 


MFQ/l. 


,  M6 

.  1  7 

32 

00 


TOTAL     CATIONS 


0.00 


43 


niFARnONATr 

FARTONATF 

CHI  OR  I  DC 

r,IJL  FATF 

N I TR A TC 

F  I  HORUiF 

PHOf.PHATr  TOT 


<HC03> 

(C03> 

<CL) 

(C04  ) 

(Af.  N> 

(F  ) 

(AC  P) 


2  73.3 

4.40 

.0 

2.6 

0.07 

34.2 

0.71 

4.  J  R 

0.30 

.?9 

0.05 

TOTAL  ANIONS 


.62 


GTANPARD  DFVIATrON  OF  ANION  CATION  HALANCF 


SIGMA) 


LABORATORY  PH 

FTFin    UAT.tr    TrMPFRATIjRC 

CALCULATED    tUSSOLyPn    SOL  IDC 

GUM  OF  DISS.  CONSTITUFNT 

LAP  SPEC . COND . ( M I CROMHOS/CM ) 

PARAMFTER 
TEMPERATURE f  AIR  (C) 
FIFI.  D  PM 

ALUMINUM.  DISS  (MG/LAL) 
GIL VFR. DISS  (MG/L  AS  AC) 
PORON  .DISS  (MG/L  AS  D ) 
CADMIUM, DISS (MG/L  AS  CD) 
CHROMIUM,  DISS  (MG/I-CR) 
COPPFR.DISS  (MG/L  AS  CU) 
LITHIUM, DISS(MG/I  AS  II) 
MOLrPDFNUM,DTSR(MG/l  MO) 


7  . 

7  . 
277, 
4  15 
509, 

VALUE 
81  .   F 
6.45 
<.03 
<.002 
<.02 
<.00? 
.002 
.  0,'0 
.007 
<..02 


AS 


20  TOTAL  HARDNESS 

2  C  TOTAL  Al  NAL  INI  FY  AS 

20  SODIUM  ADSORPTION 

07  RY;'NAR  STAFfllTTY 

4  lANGIIFR  SATURATION 


(  ^1:03 
CAC03 
RATIO 
INDFV 
INDEX 


251 
224 


PARAMETER 
FNDUCTVY,  FIELD  MICROMHGf. 
ALNAL  INI TY , FL  n ( AS  CACC3 ) 
NICKEL, DISS  (MG/L  AS  NI ) 
LEAD, DISS   (MG/L  AS  PD) 
STRONTIUM, DISS  (MG/I - SR ) 
TITANIUM  DTS(MG/I   AS  TI) 
VANADIUM,  DISS  (MG/I.  AS  l' ) 
7INC,DISS    (MG.'L  AS  ZN  > 
ZIRCONIUM  D1S(MG/I   AS  7R 


74 
15 
0.20 

-»   e-o 

0.19 


V'Al  UE 
520. 
"•30. 
.02 
•  .  C4 
.  10 
.  004 
,  .001 
.037 
.004 


remarks:    uatfr   ciear*taste    %    smell   0K«CLFAN   f  iitfr 

OWNERS  ADDRESS  STAR  RT  STOCKFTT 
lad:  FU  CA  59.3,  MG  27.7  GIVES  5.64  MEO  CATIONS  FOR 


. 13  SIGMA 


explanation:   mg/l 


MILLIGRAMS  PFR  LIFFR,  UC,  n.     =    MICROGRAMS  PER  ITTFR,  MFQ/l 


MIM.  IFQUIVEl  FNTG  PER  LITER.   FT  =  FEET,  MT  ■-    ML  TFR? 
ESTIMATED,  (R)  =  REPORTED.    TR  -  TOTAL  RFCOVFRADL F , 


QU   UA 


UI        mi       PW   AT 


other  avail  api  e  data 
other  file  numders: 

pro.ject: 

LAST  EDIT  date: 

PROCESSING  program: 


05  -JAN  03 

F1730P  V2  (11/3/ni) 


cost: 

PY  : 

printed: 


percent  MEQ/l   (FOR  PIPER  PLOT) 
CA    MG    NA     K    FL   S04  HC03 
52.6  40.0   5.0   1.6   1.4  13.5  05.1 


(M)  -  Ml  ASURED,  ( f .  )  = 
lOT  =  TOTAL  . 

OTHER 


TP  *Tr 
27  MAY  03 


cn3 

O.O 


note:   in  correspondence,  pifase  rl  efr  to  I  Al:  numdfr:   R:'U0S02 


C-59 


MONIANA     RDRTAll    OF    MIM-Tf;    rtNTi    GrOIKRY 
nunr  rMONI  ANA       f:i970t         (.A0/.,)A9/y     4  10.1 


UAT!:Fv     QUALITY     ANALYHTr, 
I  An    NO.     fi'POf.O:^ 


GTATr 

MONTANA 

LATITIJDF:    LONGITLDir 

n7ri.t9'59"N     l.l.tTrto 

UTM    nOORniNATiTR 

N 

t: 

TOPonRArnic   mat 

STOCKTTT     7     .1/ 

'?  ' 

CfrnLOGic  r;ouRr,.^ 

21  7KnTN*?:'1.hR 

GN* 

DRATNAGr    PAS.TN 

PJ.i 

AGE:NCY     i     SAMT'l.irR 

MBMG*HRM 

POTTI.F."    NUMI^TR 

D.  YIJRF.K 

DATF    GAMPL.TD 

?1  -J(JN-G2 

TIMF."    SAKF'l.rD 

.t(0:co  uniiRT. 

?x 

LAFi     f     ANAI  YST 

MF<MG*rNA 

DATT    ANAI.  YZrn 

16- JUL   -G? 

GAMPI...T    HANfil.  INC 

METunii  SAKfi.F.:);! 

rUMFTIi 

UATTR    USE 

riOMf;GTIC    AND 

GTOC 

COUNT  Y 
11  'U'  r;iTF     LDCAIinN 

hrtMG  sue 

GTATIDN     Til 

*       GAMF'L.T    GOURCE 

LAND    SURFACr    ALTITULiF 

GUSTAINF:n    YITLD 

YJrLIi    MTAG    MF_iUOri 

TOTAL.     fiFpTH    OF    UFI.  L. 

.     AFiOVF()     OR    PFLOW    GS 

GASTNG    niAMFTlFR 

GAGING    TYFF 

COMPLFTION  TYF-F: 

FTRFORATION  INTFRVAL 


GAGGAHL 
1  R  N   ^  f 


1  I  AAAC 


4/*  1959  11  1  104  101 

4070.   FT    .10 
7.2    RPM 
PUCKLT/GTOFIJATGH 
1 31.   r  T  ( R ) 

17.70  FT  (M> 
A  .IN  (  M ) 
GTFFL 
03* 


CAMF'LTNG  SITF 
GEOLOGIC  SOURCE 


DONALFi  YUREK  RANCFI 
KOOTENAT  FORMATION 


1  .75  hi  SU  OF  STOfKFTT 


CALCIUM 
MAGNFGTUM 

nonruM 

POrASSIUM 
IRON 

MANGANEGF 
Gil.  ICA 


(CA) 

<MG) 

(NA> 

(K) 

(FEl 

"  (MN) 

(  G  1 0  2  ) 


MG/L 

A7. 

36. 

?t  . 

6. 


0 

4 

■-> 

5 

002 
Of-0 


MFQ/ 
3. 

n 

A.    * 

0. 
0. 


3  0 
99 
92 
17 


TOTAL  CATIONS 


0.00 


7.47 


niCARFiONATr  (UC03) 

CARPONATF  (C03) 

CHI  OR  IMC  <CL  ) 

GULFATF  (r.04) 

NITRATE  (rtG  N> 

FLUORIDK  (F) 

PHOGPHATE  TOT  (AG  P) 

TOTAL  ANIONS 


MG/I 
3  71.9 
.0 
2.0 
36.0 
S.  4? 
.97 


MLO/L 
6.10 

o.oo 

0,  77 
0.39 
0.05 


7.30 


CTANnARLi  OLVIATION  OF  ANION  CATION  nAL.ANCE 


(SIGMA) 


■0  .41 


LABORATORY  PU      7.37 
riEL.n  (JATER  TEMPERATURE     12,1  C 

CAl.CUI.  ATEP  DISSOLVED  SOLIDS  360.69 

GUM  OF  DIGS.  CONGTITUENT  557.3'^ 

LAB  SPEC.COND. (MICROMUOS/CM)  657.1 


TOTAL  HARDNESS  AS 

TOTAL  ALKALINITY  AG 

SODIUM  ADSORPTION 

RY7NAR  STABILITY 


CAC03 
CAC03 
RATIO 
INDEX 


LANGLIER  SATURATION  INDE.X 


PARAMETER 
TEMPERATURE f  AIR  (C) 
FIELD  Pll 

aluminumr  diss  (mg/l-al) 
gilver»diss  (mg/l.  as  ac) 
doron  .diss  (mg/l  as  d) 
cadmiumr  digg(mg/l.  ag  cd) 
chromium,  diss  (mg/l-cr) 
coppf:r,disg  (mg/l.  as  cu) 
lithium, diss(mg/l  as  li) 
mgl  ydlienum  ,  d i  ss  (  mg/l  mo  ) 


VAL.UE 


04 
6. 


F 
63 
.03 
.002 
.25 
.002 
,002 
.002 
.047 
.02 


PARAMETER 
CNDUCTUY, FIELD  MICROMHOS 
AL  KAL.INITY.EL  D(  AS  CAC03) 
NICKEL  ,liISS  (MG/L  AS  NT  ) 
LEAD,  DIGS  (MG/I.  AG  PD) 
STRONTIUM, DISS  (MG/L • SR) 
TANIUM  DIS(MG/L  AS  TI) 
NAD  I UM, DISS (MG/L  AS  V) 


TI 

VA 

7INC,DISG 

7IRC0NIUM 


(MG/L.  A 
DIS(MG/I. 


;  2N) 
AS  7R 


319,12 

305,02 

0.52 

7.00 

0.19 

VALUE 

677. 
324. 
<  .  0 1 
.  .  04 
.59 
<.001 
<.001 
5.00 
<.003 


remarks:  UATER  cloudy  *TASTE  and  smell  OK*LXnHT  PROUN  SILTY  FILTER 

OUNERS  ADDRESS  STOCKETT*RUNN  I NG  UATER  CLEAR  FOR  7  MINtELOU  16.4  GPM* 
WATER  DEFAME  VERY  CLOUDY  AND  FLOW  7,2  GPM  FOR  f?  KIN*WATER  CLEARED 


EXPLANATION!   MG/L. 


MILLIGRAMS  PER  LITER,  UG/L.  =  MICROGRAMS  PER  LITER,  MEO/L 


MILLIEQUIVFLENTS  PER  LITER.   FT 
EST  IMA  LED,  (R)  ^  REPORTED,   TR  ■■ 


QU 


other  available  data 
other  file  numbers: 

project: 

LAST  EDIT  date; 

PROCESSING  program: 


UA 
Y 


FEET,  MT  ^  MFTFRS 
=-  TOTAL  RECOVERABLE, 

S2  \n        ntJ   PU   AT 


(M)  -  MEASURF.D,  (E) 
TOT  =  TOTAL. 

OTHER 


30  JUL  02 

F1730P  V2  (11/3/01) 


COST : 

by: 

printed: 


PERCENT  MEO/L  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03 
45.3  40,1  12>4   2,2   1,1  11,0  07.0 

NOTE?   IN  CORRESPONDENCE.  PLEASE  REFER  TO  LAB  NUMBER 


TP 
27 


C03 
0.0 


*BC3 
MAY-83 


B2R0503 


C-60 


MONrAMA    ntlRFAtI    OF     MINFf.    AMD    nmiOGY 
PUTTF f MONTANA       S9701         <406)49A     410t 


LATITUDr-l. 

UTM  rno 

TOrOGRA 

crni  noT 

DRATNA 
AriFNTY     + 

Eoni 

DATF 

TIMF 

LAH     f 

datf; 

CAMPl F 
MCTHOri 
U 


ONHI 
RPIN 
PHIC 

r  so 

GF  Fi 
SAM 

F  NIJ 
RAM 
r,AM 
ANA 

ANAl 

MANH 
SAM 

ATFk 


TATF 
TUDF 
ATFS 
MAF- 
IIRCF 
AS  IN 
PL  FR 
Mi^FR 
PI  FT 
PI.  Ffi 

I  y:^t 

Y7Fn 

I.  INC 

P I  F  n 

USF 


.inMTANA 

47P?4':?4*N     tltD09'3n'U 

7  N 

SOUTHFAST 

t 

MPMGtUJD 

I  YNTH 

Ifl    .l(IN-02 

09: 10    HOURS 

MR,iR«FNA 

\A     JIJI   ■  OP 

PUMPFn 
nOMFSTIC 


UATFR    QUALITY     AfiAlYr:TC 
LAB    NO.     n?00f;04 

rodNTY  r.Af.CAHc: 

SITF  I  nCATION  t9N  ^f.     1  .<  AABB 


E  MftMr,  yiTC 

ORFAT     FALLf.     7     1  STATION     Ui 

t  «       SAMPLF     SOIIRFF 

LANfi    SURFAFF    AITTVUnF 

SliSTAINFn     YIFLP 

YIELD    MFAS    ML IHOD 

TOTAL     DFPIM    OF    UFI  L 

SUL    AE:OyF(     )     OR    FLl  OU    OS 

CASINli  niAttFTFR 

FASTNG  TYPF 

COMPLFTTON  TYP.T 

PERFORATION  INLFRVAl 


47?0"'4t  t  109.^nOJ 
U."-  L  L 
.1455.   FT     ;0 
GPM 
LUrKfT/STOPUAlCH 

l<sn.   FT  (F» 

1 09. 70  FT  <M) 

6     IN 
STFFL 

* 


CAMP)  TNG  SITE 
GEOLOGIC  SOURCE 


Minni  F  OF  FIFLFi  %     OFF  TRACY  SAND  rOUIf.K  RI' 


CAI  CIUM 

MAGNESIUM 

GOniUM 

POTASSIUM 

IRON 

MANGANESE 


(CA) 
(MG) 
(NA) 
(K) 
<.FZ) 
<MN) 


GIL  rCA   (SI02) 
TOTAL  CATIONS 


MG/L 
07.0 
31  .A 
13.1 
2.7 
<.002 
.001 
13.1 


MEO/I 


4.30    mCARRONATF 


0, 
0, 


60 

■   **  / 

07 


0.00 


7.62 


CARTONATF 
CML  O.VTDC 
SULFATE 
NITRATE 
f  LUORIDF 
PMOSPHATF 


TOT 


(Hr03) 

(C03> 

(CD 

(S04> 

(AS  N> 

(F) 

(A3  P) 


MG /I 
26 1  .6 

.0 
7.2 
140. 

.44 


TOTAL  ANIONS 


MFO/L 
4  .29 

0,  26 
3.00 
0.03 
0.03 


7.69 


STANDARD    DFVIATION    OF    ANION    CATION    BAL.ANCF 


(SIGMA) 


0.31 


LABORATORY  PH  7.49 
FIFLD  UATFR  TFMPFRATURC 

CALCULATED  DISSOLVED  SOLIDS  435.33 

SUM  OF  DISS.  COMSTIiULvNT  560.06 

LAD  SPFC.COND. (MICROMUOS/CM)  675.1 

PARAMFTER  VALUE 

CNDUCTVYf FIELD  MICROMUOS  700. 

ALKALINITY, .'^LLUAS  CAC03)  216. 

NICKEL, DISS  (MG/L  AS  NI)  <.01 

LEAD, DISS   (MG/L  AS  PB)  <.04 

STRONTIUM, DISS  (MG/L-SR)  .09 

TITANIUM  DIS(MR/L.  AS  TI)  .020 

VANADIUM,DISS( MG/L  AS  V)  <.00] 

ZINC,  DISS   (MG/L.  AS  7N)  1.14 

ZIRCONIUM  DIS(MG/L  AS  ZR  <.003 


TOTAL  UARDNFSS  AS 
TOTAI   AL  KAL  INTTY  AS 

SODIUM  ADSORPTION 

RYZNAR  STAPTLny 

I  ANGL.IFR  SATLIRATTON 

PARAMFTER 
FIELD  PU 

ALUMINUM,  DIGS  (MG/L 
SILVER, DISS  (MG/L  AS 
BORON  ,DISS  (MG/L  AS 
CADMIUM, DISS (MG/L  AS 
CHROMIUM,  DISS  (MG/L 
COPPER, DISS  (MG/I  AS 
LITHIUM, OJSS(MG/L  AS 
MOL YBDFNUM,DISS(MG/l 


CACO^ 

349.30 

CACO.t 

214.56 

RATIO 

0.31 

INDEX 

A  .  96 

INDEX 

0.27 

VALUE 

7.51 

AL  ) 

■;  .03 

AG) 

'..002 

B) 

<.02 

CD) 

<.002 

■CR) 

<.002 

CU) 

.009 

L  I  ) 

.022 

MO) 

: .  02 

remarks:    filtfr  clfanjcuatfr  cl  far 

renff  lynchtbox   71*sand  coulff*log  unknoun»dr i l l fd  march   1944 


EXPL  anation; 


MG/L 


MILLIGRAMS  PFR  LITER,  UG/L.  ^  MICROGRAMS  PFR  I  TIER,  .IFQ/L 


MIL  L  lEOUIVFLENTS  PER  LITER.   FT  =  FFFT,  MT  --  MKTFRS. 
ESTIMATED,  (R)  =  REPORTFD.   TR  =  TOTAL  K'FCOVFRABLF  . 


other  available  data 
other  file  numbers: 

project: 

LAST  EDIT  date: 

PROCESSING  program: 


QU       UA 


30    JUL     02 
F1730P    V2 


UT        OW       PU       AT 


(  H/3/Ol  ) 


cost: 

by: 

printed: 


(M)     =     MKASURFD,      (F)     = 
TOT    =     TOfrti    . 

OTHER 


TF- 
?7 


*BCS 
MAY     R3 


PERCENT  MFQ/L   (FOR  PIPER  PLOT) 

CA    MG    NA     K    CL   S04  HC03 

'.5  3  4.1   7.5   0.7   3.4  4  0.4  56.2 


C03 
0.0 


note:    in  correspondence,  please  refer  TO  LAB  number:   R:'n0504 


C-61 


MONTANA    rtUR.TAU 
I:UTTr»  MONTANA 


or    MINTS    ANFi    GITOLOCY 
5970.1        (406)496    4101 


WATTR  QUAI 
l.AI:  NO.  R; 


ITY  ANALVni: 
0050? 


GTATf: 

MONTANA 

LATITUDE-  I.ONGITUnr 

4  7D27'05"N     lllDll' 

UTM    COORniNATFR 

7          N                        C 

TOFMlORAPIIir    MAP 

ivOIJTHFAST    GRLAT    FA 

CCOI.OOIC    fiODRCF 

217K0TN*??0JRSC* 

DR'A.TNAGF.    BASIN 

DD 

AGENCY    :     SAMPI.ITR 

MBMG*yjD 

rOTTI.F.:    NIJMEiFR 

SUART7D 

DAT.T    SAMPLirn 

.'",■'  -JlIN- 02 

TiMt   sAMPi, rn 

10:30    HOURS             SUL 

LAFi     }     ANAI.  YGT 

Mr-tMG*FNA 

DATP     ANAl.YZrn 

16- JUL     02 

GAMPLF    HANni.INC 

METHOD    SAMPI.PD 

PUMPFD 

WATER    USF 

nOMFSTIC 

COUNTY 

40'U     SITF  Lnf;ATION 

MDMG  SITC 

IIS  7  ]      STATION  ID 

*   SAMPI  ,T  SOURCF 

LAND  SURFACr  Al.  TIIUDF 

SUSTAINED  YIELD 

YIFLD  Mf:AS  MFTHOD 

TOTAL  DrpTH  OF  UFI.  I.. 

AE:OyF(-  )  OR  F:Kl.nU  GS 

CASING  DTAMFTER 

CASING  TYPF 

COMPI TTION  TYPE 

PFRFORATION  INTERVAL 


CASCADE 
19N  04F 


'3*CDRA 


4773051 t 1 t 1 4001 

u;-:i..L 

3770,   FT    10 
4.7  GPM 
PUCKET/STOPUATCJ 
240,   FT  (fi) 
170.    FT  (R) 
1.5  IN  (R> 
STFFL 
01* 


SAMPI.  TNG  SITE 
GEOLOGIC  SOURCF 


SUART7FNDURGER.  GFRAl.D* 
KOOTENAI  FORMATION 


MG/I. 


MFQ/I. 


CALCIUM           (CA) 

46.5 

2.32 

niCARBONA 

MAGNESIUM     ( MG > 

70.0 

6.40 

CARFONATF 

SODIUM             (NA) 

11.0 

0.40 

CHI. OR  IDE 

POTASSIUM        (K) 

3.2 

0.00 

SULFATE 

IRON                   (FE) 

<.002 

NITRATE 

MANGANESE     (MN) 

<.001 

FLUORIDE 

SILICA        (SI02) 

6.5 

PHOSPHATE 

TOTAL    CATIONS 

9.36 

T 

TOT 


(HC03) 

(003) 

(CD 

(S04> 

(AS  N) 

(F) 

(AS  P) 


MG/L 
516. 

0. 

3. 
23. 

4. 

1  , 


MFO/L 
0.46 


0 
7 

?.? 
A 


11 
49 


TOTAL  ANIONS 


0.31 
0.07 


9.44 


STANDARD  DEVIATION  OF  ANIONCATION  RAI..ANCE 


(SIGMA) 


0.30 


LABORATORY  PH  7.70 
FIELD  WATER  TEMPERATURE 

CALCULATED  DISSOLVED  SOLIDS  433.30 

GUM  OF  DISS>  COMSTIIUENT  695.19 

LAB  SPEC.COND. (MICROMHOS/CM)  793.3 


TOTAL  HARDNESS  AS 
TOTAL.  ALKALINITY  AS 

SODIUM  ADSORPTION 

RY7NAR  STADIL.I  1  Y 

LANGLIER  SATURATION 


CAC03 
CAC03 
RATIO 
INDEX 
INDEX 


PARAMETER 
TEMPERATURE »  AIR  (C) 
FIELD  PI  I 

ALUMINUM*  DISS  (MG/L-AL) 
SILVER, DISS  (MG/L  AS  AG) 
DORON  »DISS  (MG/L  AS  B) 
CADMIUM»DISS(MG/L.  AS  CD) 
CHROMIUM,  DISS  (MG/L-CR) 
COPPER  f  DISS  (MG/L.  AS  CU) 
LITHIUM, DISS (MG/L  AS  LI) 
MOL.YBDENUM,DISS(MG/L  MO) 


VALUE 


72 


F 
17 
.03 
.002 
.02 
.006 
.002 
.001 
.046 
.02 


PARAMETER 
CNDUCTVY,FIEI.  D  MICROMHOS 
ALKALINITY,EL.D(  AS  CAC0  3) 
NICKEL, DISS  (MG/L  AS  NI) 
LEAD, DISS   (MG/L  AS  PB) 
STRONTIUM, DISS  (MG/L- SR) 
TITANIUM  DIS(MG/I.  AS  TI) 
VANADIUM, DISS (MG/L  AS  V) 
ZINC, DISS   (MG/L  AS  ZN) 
7IRC0NIUM  DIS(MG/L  AS  7R 


4  4  0.45 

423.21 

0.23 

6.71 

0.49 

VAL  UC 
796. 
4  33. 

;.oi 

;.04 
.40 
.00  3 

<.001 
.33 

<.003 


remarks:  FILTER  COVERED  UITH  SILT  *  WATER  CLOUDY 
GERALD  SUART/FNDURGER  *  SAND  COULEE  MT 


explanation:   mg/l 

MILL.IEO 

egtimat 


MILLIGRAMS  PER  LITER,  IJG/I. 


MICROGRAMS  PER  LITER,  MEO/Ll 


UIVEL.ENTS  PER  LITER. 
ED,  (R)  =  REPORTED. 


ET  =  FEET,  MT  ■=  METERS. 
TR  =  TOTAL  RECOVFRABLE. 


QU 


OTHER  A 
OTHER  F 


LAS 
PROCESS 


VAILABLE  DATA 

HE  numbers: 
project: 

T  EDIT  date: 

ING  program: 


UA 
Y 


S2   UI   OU   PU   AT 


05  -JAN  83 
F1730P  V2 


( 11/3/01 ) 


cost: 

by: 

printed: 


percent  MFO/L   (FOR  PIPFR  PLOT) 
CA    MG    NA     K    CL   S04  HC03 
24.0  69.2   5.1   0.9   1.2   5.4  93.4 


(M)  • 
TOT  = 


MEASURED, 
TOTAL. 


(E)  = 


OTHER 


TP  *TP 
27  -MAY-  03 


003 
0.0 


note: 

R"  e  3  d  y 


IN  CORRESPONDENCE,  PLEASE  REFER  TO  LAB  NUMBER:   02Q0505 


C-62 


FiUTTE.MOHl  ANA 


OF    rtlNES    ,\ftU    GEOLOGY 
S970t        i  A0ej)A9o    AXOi 


'JAILk 


S30000 


GT.vrt 

J  Af  ITOPr-l  ONI".  [1UDC 

UTM  COOftDlNAlES 

TOPOGRAPH  [c:  MAP 

GEOLOGIC  SOURCE 

HRA IMAGE  BASIN 

AGENCY  f  SAMPLER 

FiOTTLE    NUMBER 

DA  ft     SAMPLED 

TINF  SAMPLED 

LAH  f  ANALYST 

DATE  ANALYZED 

SAMPLE  HANDL ING 

Mf.  THOD  SAMPLED 

UATER  USE 

SAMPI   ING    SITE 
GEOLOGIC    LJOURCE 


CAI.  CIUM 

(CA) 

MAGNESIUM 

(MG  > 

r.ODIUM 

(NA) 

POTASSIUM 

(K  ) 

IRON 

(EE) 

MANGANE 

SF 

(MN) 

SILICA 

(£ 

;  1 0  ?  ) 

TOTAL 

CATIONS 

N 


MONTANA 
A?D?.Z'  Z 

Z  N 

SOUTHEAST 

J30MDSN* 

MbMG*HRM 
CENSRCl 

;.'9  DEC  -or 

10:'!f.  HOURS 
MBMG*f  NA 
19-  JAN  P.7. 

PUMPED 
DOMES  TIC 


ZC'U 


I  1  IDOt! 

r 

GREAT  PALLS 
I. 


AND 


SUL 


COUNTY 

SITE  LOCATlOr; 

M&MG  SITE 

1      STATION  ID 

*   SAMF'LE  SOURCE 

GliRPACE  ALTITUDf: 

SUSTAINED  YIELD 

YIELD  MEAS  METHOD 

TOTAL  DEPTH  OK  WELL 

ABOVE  (  >  OR  f:ELOU  GS 

CASING  DIAMETER 

CAG/NG  TYPE 

COMPIEIION  TYPE 

PERrORATION  INTrRVAL 


CENTERVILLE  SENIOR  ClTIZENf 
MADISON  GROUP  OR  LIMESTONE 


CENTER 


MG/L 


MEO/L 


^tl . 

17.  07. 

EICARBONA 

135. 

11.11 

CARDONATE 

2?!.  1 

:  .00 

i:HLORIDr 

A  .  I 

0.11 

SULFATE 

.-.00? 

NI  IRATE 

.004 

0.00 

FLUORIDE 

16.9 

PHOSPHATE 

TOT 


(HC07,  > 

(C03> 

(CD 

(SOD 

(AS  N) 

(F) 

(AS  P> 


24  .24 


TOTAL  ANIONS 


CASCADE 
t9N  05E 


le  DCDf 


4727.7.21  I  10G3e0i 
UFLL 
3 '.75.0  FT 


."^00. 

o    IN 
PVC 


FT 

n 

(M) 


vR) 
(M, 


MG.'L 
405. 
0. 
23.3 

~T  f  e- 

12.4 
1  .  1 


MEC.'L 
6.64 

0.66 

i   ^   •    f    *. 

0.89 
0.06 


23.96 


STANDARD  DEVIATION  OF  ANION- CATION  BALANCE 


(SIGMA) 


0.63 


LABORATORY  PH 

FIELD  UATER  TEMPERA lURE 

CALCULATED  DISSOLVED  SOLIDS 

SUM  OF  DISS.  CONSTITUENT 

LAB  SPEC. COND. ( M I CROMHOS/CM ) 


PARAMETER 
TEMPERATURE.  AIR  (C) 
FlfL  D  PH 

ALUMINUM,  DISS  (MG.'L  -AL) 
SILVER,  DISS  (NG/L.  AS  AG) 
DORON  -DISS  (MG.'L  AS  B) 
CADMIUMf  DISS(MG/'L  AS  CD) 
CHROMIUM,  DISS  (MG.'L  CR) 
COPPER, DISS  (MG/L  AS  CU) 
LITHIUM,  DISS  (MG.'L  AS  LI) 
MOI  YBDENUM, DISS (MG/L -MO) 


6. 

6. 
14  11, 
1616- 
1901  , 

VAL  UE 


20, 

5,; 


F 
'0 
03 
002 
11 
002 
004 
03B 
046 
02 


52  TOTAL  HARDNESS  AS  CAC03 
B  C  TOTAL  ALKALINITY  AG  GACO^ 
41  SODIUM  ADSORPTION  RAtIO 
90  RYI'NAR  STAEIIIIY  INDEX 
LANGLIER  SATURATION  INDEX 

PARAMETER 
CNDUrTVY,FIFL D  MICROMHOS 
ALKALINITY, PL  D( AG  rAC03y 
NirNFL,DlSS  (MG.'L  AS  NI) 
I.  FAD,  DISS   (MG.'L  AS  PD) 
STRONTIUM,  DISS  (  MG.'L -SR) 
TITANIUM  DIS(MG.'L  AS  TI) 
VANADIUM,  DISS  (MG.'L  AS  V) 
7INC,DISS   (MG.'L  AS  7N ) 
ZIRCONIUM  DIS(  MG.'L  AS  7R 
ARSENri:,DISS(UG.'L  AS  AS) 


lir.7.44 

332. 17 

0.30 

6.57 

-0.03 

VAL  UC 
1530. 
361 .00 
.01 
;  .  0  4 
.02 
.024 
.004 
.034 
,  .003 
.fi 


remarks:  white  foam  coats  steel  TAPE.  DRIES  10  HARD  UHITF  PPT.,  FILTER  CLEAN 


explanation:   mg/l  ^  milligrams  per  liter,  ug/l 


MICROGRAMS  PER  LITER,  MEQ.'L 


MILL  lEOUIVELENTS  PER  LITER.   FT  ^-  FEET,  MT  -  MLTERS, 
ESTIMATED,  (R)  -  REPORTED.   TR  -  TOTAL  RECOVERABLE. 


OTflER  AVAIL  APL  F  DATA 

other  file  numbers: 
project: 

LAST  EDIT  date: 

PROCESSING  program: 


QU   UA 


02  FEB-n3 
F1730P  V2 


WI   OU   F-U   AT 


( 1  i/3.'ni ) 


COST : 

Ft  Y  * 

printed: 


PERCENT  MEO.'L   (FOR  PTPKR  PLOT) 
CA    MG    NA      K    LI    S04  HC03 
49.6  45. R   4.1   0.4   2.9  68.3  28.8 


(M)  -  MEASURED,   (E)  = 
TOT  ^  TOTAL. 

OTHER 


TP    *BCS 
27  •■MAY-FJ3 


CO  3 
0.0 


note:   in  correspondence,  please  refer  to  lab  number:   33noooi 


C-63 


MONTANA  BV,R£Mi    OF  MINFS  AND  GirOI.  OGY 
DUTTFrMnNTANA   5970.1   ( AO/,)  A96-  AXOl 


WATFR  QUALITY  ANALYCi; 
LAB  NO.  R3P0002 


GTATF  MONTANA 

LATITI.IDE-LONGTTIJDr  A7U2A  '  5?"i 

UTM  nonRFJINATtC  L'    N 

TOPOGRAPH  I C  MAP  SOUTHTAKT 

GFOI.OGIG  GOURCr:  .V.XOMDGN* 

DRA.TNAG!:  BASIN  hB 

AGFNCY  +  EAMP:..f:"R  MBMGt-HRH 

BOTtl.  P  NUMFfPR  GHPAL  -2 

DA  IT  GAMPLPD  30nP:C-82 

T  T  Hi:     SAMPL  L"D  1  t  :  30  HOUR' 

LAB  i     ANALYST  Mh'lMGt.PNA 

DArP  ANALY7PD  19-- JAN  -0.1 
SAMPLF  HANDLING 

METHOD  r^AMPI.  PD  PIJMPFD 

UATPR  use  STOCK 


SAMPLING  GITP  HTAI.  WPI.  L-2  TRACY 
GFOLOGIC  SOURCE  MADISON  GROUP 


(  iimoo'Sf 

E 
GREAT  FAI.  I 
* 


;UL 


COUNTY 

'W     SITP  LOCATION 

MBMG  SITE 

;  7  1     STATION  ID 

♦   SAMPLE  SOURCE 

LAND  surpacf:  ALTIIUDE 

SUSTAINED  YIELD 

YIELD  MPAS  Ml.THOD 

TOTAL  DEPTH  OF  WELL 

ABOVE (-)  OR  BELOW  GS 

CASING  DIAMETER 

CASING  TYPE 

COMPLETION  TYPE 

PERFORATION  INTERVAL 


CASCADE 
tVN   SE 

-1724521 
WELL 


7*BDnC 
11085501 


PT 


2  20. 
A9, 


0 
50 

6  IN  (M) 
IRON 

* 


10 


(E) 
(M) 


CALCIUM 

MAGNESIUM 

SODIUM 

POTASSIUM 

IRON 

MANGANESE 


<CA) 
(MG) 
(NA) 
(K) 
(EE) 
(MN) 


SILICA   (SX02) 


MG/L 
97.3 
09. 4 
22.0 
R.O 
<.002 
.003 
8.7 


P  OR 

LIMESTONE 

4.0A 

BICARBONATE 

CHC03) 

7.35 

CARBONATE 

(C03) 

0.9A 

CHLORIDE 

(CD 

0.21 

SULFATE 

(Sn4) 

NITRATE 

(AS  N) 

0.  00 

ELUORIDF 

(F) 

MG/L 
233.0 
0. 
13.0 
42B. 
1  .03 


PHOSPHATE  TOT  (AS  P) 


TOTAL  CATIONS  13.37  TOTAL  ANIONS 

STANDARD  DEVIAIION  OF  ANION-CATION  BALANCE    (SIGMA) 

TOTAL  HARDNESS  AS 
TOTAL.  ALKALINITY  AS 

SODIUM  ADSORPTION 

RY.'NAR  STABILITY 

LANGLIER  SATURATION 


MEO/L 
3.83 

0.39 
0.91 
0.  13 
0.03 


13.29 


0.27 


LABORATORY 

PH 

-7 
/   f 

5/, 

FIELD  WATER  TEMPERA  lURE 

3  C 

CALCULATED  DISSOLVED  SOL 

IDS 

704. 

76 

SUM  OF  DISS.  CONSTITUENT 

903. 

3G 

LAB  SPEC. COND. ( MI CROMHOS/CM ) 

1  115. 

PARAMETER 

VALUE 

TEMPERATURE,  AIR  (C) 

30.0  E 

FIELD  PH 

<^.80 

ALUMINUM,  DISS  (MG/L-AL) 

:; .  0  3 

SILVER,  DISS  (MG/L.  AS  AG) 

X.002 

BORON  ,DISS  (MG/L  AS  B) 

.  JO 

CADMK.IM.  DISS  (MG/L.  AS  CD) 

<.002 

CHROMIL'Mf  DISS  (MG/L.-CR) 

<.002 

COPPER  J  DISS  (MG/L.  AS  CU) 

.008 

LTTHUIM,  DISS  (MG/L  AS  LI) 

.053 

MOL.  Y B DENUM  ,  D  I  S S  (  MG/L.  -  MO  ) 

^♦02 

CAC03 
CAC03 
RATIO 
INDEX 
INDEX 


PARAMETER 
CNDUCTVY, FIELD  MICROMHOS 
AL  KAL  I  NI  TY  >  FL.  D  (  AS  CAC03  ) 
NICKEL f DISS  (MG/L  A3  NI) 
LEAD,  DISS   (MG/L.  AS  PB) 
STRONTIUM,  D.I  SS  (MG/L  -SR) 
TITANIt;M  D  IS  (MG/L  AS  TI) 
VANADIl.lMr  DISS  (MG/L  AS  V) 
ZINC  J  DISS   (MG/L  AS  7N) 
I'IRCONILIM  DIS(MG/L  AS  7R 
ARSENIC, DISS (UG/L  AS  AS) 


A 10. 93 

191 ,76 

0.39 

<S.90 

0.33 

VAL. UE 

1151. 

205.00 
•; .  0 1 
■:.0A 

.86 
.010 
.002 
.015 
s",003 


remarks:  clear 

filter  a  little  yellowish,  very  fine  silt  on  filter  and  sand 

explanation:   MG/L.  ^  milligrams  per  liter,  UG/L.  ^    MICROGRAMS  PER  LITER>  MEQ/l 
MILL  lEQUIVELENTS  PER  LITER.   FT  -  FEET,  MT  ^  METERS.    (M)  ^  MEASURFD,  (F)  = 
ESTIMAIEB,  (R)  ^  REPORTED.   TR  =:  TOTAL  RECOVERABL.E .   TOT  -^  TOTAL. 


OTHER  AVAILABLE  DATA 
OTHER  FILE  NUMBERS: 


QW   WA   S2   WI   OW   PU   AT 


OTHER 


project:  cost: 

LAST  EDIT  date:   02- FEB -03  BY:   TP    *BCS 

PROCESSING  program:   F1730P  V2  (11/3/01)    PRINTED:   27--MAY-33 

PERCENT  MEQ/L   (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03   C03 
3A.3  55.0   7.2   1.5   3.0  67.9  29.2   0.0 

note:    in  CORRL SPONDENCFr  PLEASE  REFER  TO  LAB  NUMBER:   0300002 


C-64 


ttONT-AMA     nURFrtd    Cf  hIMFr;     rtNP    GFOIORY 
PUT  IF.MONTrtNA       S9701         (  <0/, )  >«  VA  ^  t  0  1 

gta:f  momt.'^na 

LATTTUftF     I  nNr.TTIUiF  A7D7A'  ?l'N     \  \{D09'  \C'U 

UTh  rnnRniHAiFR  7       n  z 

rnFOOFcAFHir   map  sntjTHfAr.T   grfat  falls 

Giomr. ic  '.^ouRCF  .i;?0Mrir;N»  « 

DRATNAnF     PAT^TN  FP 

AGFHCV     +     SAMFKR  M»Mn«HRM 

BOTH.  F    NUMPFR  MIKFKAV 


UATFR    nilAI   TTY    ANAIYr>IC 
LAIi    NO.     fJinOOO.T 

rnt;NTY  CAr.CADC 

LOFAItON  tVN  OAZ     li  AAAS 


DAFF  SAMPLFD 


IIMF  SAMPLLJi 

LAB  +  AMAl  YST 

riATF    ANALYTEn 

SAMPLF     HANnt ING 

MJITMnri    f/AMPLFFi    PUttPm 

UATFR  (»Sr  DOMFSTI 


?.'?■  HFr    82 
is:  00    HOIJRF. 
MKHn«FNA 

IV  JAH  r.^ 


:ui 


niTF 

MF.Mr.  SITC 
I      r.TATION  ID 

*     r.AMPt  F  r.niiRCF 

L  ANF)    GURFACF     Al   1  1  fllJiF 

r;ur;rAiNrn  yifm: 

YIFI  M    MF  Ar>    hf  TM;)r: 
Tn:  Al      PFPIM    OF     UFI  I. 

APOVF  (    )   OR   nn  r,w  or. 

CAr.IMf)    niAMFTFR 

nAEINfi    TYPF 

rOMPI  FTIfiM     TYPF 

prRFDRAT  Tf)N     '.NTTRVAL 


47?4ri  1 1  :o?i/.o: 
ypi  L 

3*10.        FT     -     10 


I  70.0    FT     ;R> 


IRON 


IN     <R> 


SAMPLING    r,ITF     M    N  AI^'IJI.  A  f  f^TAR    RT.f.ANFi    FfJUIFEfN    OF    7    SIDING 
GFOinGir    SOURCF    MADISON    GROtJP    GR    ^IMFST^NC 


CAi  rujrt 

(CA) 

MAGNFntlJM 

<MG> 

SOFiIUM 

(NA) 

POTASSIUM 

(K) 

IRON 

<FE) 

MANGANFSF 

(MN) 

Sit  ISA        (Sin,?) 

MG/I. 
1  JR. 

.3.0.0 

1A.7 

.OOA 
.004 
14.7 


Mf.Q/l. 

r.9.' 

0.  7^ 
0.0' 
O.Of 
0.0( 


nir,ARr:o.s'Ai("        (urn?.  > 

CARHONATF  (FDl) 

GiunRirc  <CL) 

SULFATF  (Sn4) 

nitrate:  <as  n> 

FLUnRD.if.  (F) 

PHOSPHATf:  TOr     (AS    P) 


MG/L 
?40.  1 

0. 

A.O 
1^52  . 

.3.flf, 
.32 


MFQ/L 
3.7: 

0.17 

.i  •  <(  >J 

0.27 
C.02 


TOTAL  CATIONS 


9  .  (.  7 


TOTAL  ANIONS 


.  A  4 


STANHARn  FiFVIAMG.S'  OF  A.S' I  ON  CATION  PALANCF 


(SIGMA) 


0.12 


LAFiORATORY    FH  7.4 

nn  D    WATFR     TFMPFRATURF  3.7    ; 

CALCU!  ATFF:    [iTSSniVrD    SOI.  IHS  5A9.4A 

GUM    OF    PISS.     CONSTITUr:NT  A9J.2G 

LAI:    SPEC.COND.  (MICROMHOS/CM)  029.3 


PARAME. 
TEMPFRATURF» 
FIPI  Fi    PH 
ALUMINUM.     niS 
SII  VFR.niSS     ( 
BORON     »DISS     ( 

CAfiM  ruM.  riiss( 

CHROMTUMf  BIS 
COPPFR.DTSS  ( 
LITHIUM. riISS( 
MOI   YBMFNUM. PI 


TC 
Al 

S 

MS 
MG 
MG 

r* 

MG 
MG 


R 
R  ( 


C) 


(MG/L 
/I  AS 
AS 
AS 
/L 
A3 
AS 


/\. 

/I. 
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VAN 
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RFMARNS:  INITIAL  TAP  UATFR  RUSTY  COLOR  FOR  5  SFC,  FII.  TFR  ALSO  RUST  COI  ORFD 


explanation:  mg/l 
mill ifou 
fsiimaff 


MILLKiRAMS  PFR  LITER.  UG/L 


MICROGRAMS  PER  LITER.  MFG/L 


IVFLFNTS  PER  LITER. 
P,   (R)  -  REPORTED. 


FT  =  FFKT,  MT  --  MFTFRS. 
TR  --  TOTAL  RFCOVERASL  f;  . 


(M) 
"OT 


MFASL-RFD.  ( E  )  = 
TOTAL  . 
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OTHER  AV 
OTHER  EI 


LAS! 
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AIL  API  E  .1ATA 

LF  numbers: 

pro.lect: 

EDIT  date: 
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ou 


01  FEB  S3 

F1730P  V2  (11/3/Bl  ) 


f>u      at 


cost: 
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PERCENT    Mi:0/L      (FOR    PIPER    PIOT) 
CA  MG  NA  K  CL        S04    HC03 

60.9    3 0  .  A       7 . A       0.9        I  .  0    S A . 1     4  ?  .  i 
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C03 
0.0 


note:        in    correspondence,     please    refer    to    I  AF:    NUMF.'ER?        f;3n0003 
R  e  fl  ri  s 
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Figure  C-3.  Location  of  acid  discharge  points  and  total  dissolved  solids  in  Madison  wells. 
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APPENDIX  D 
SURFACE  WATER  DATA 
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Figure  D-2.  Streamflow  stations  established  for  seepage  profiling 
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Figure   0-3.   StrMmf low  quantities  measured  in  1981. 
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Figure  D-4.  Measurements  of  pH  at  the  time  of  streamfiow 


measurement. 
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Figure  D  5.  Specific  conductance  valuei  at  the  time  of  straamflow  meaiurement. 
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STREA.M  WATER  QUALITY  DATA 
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(MG/L  AG  V) 
MG/I.     AG    II) 

AG    Ft:  ) 
MG/I      AG    AL) 
C/l      AG    7N) 


4243 
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INDEX 

PARAMFTER 
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7TRC0NIUM    IMS  (MG/L     AS    7R 
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FT  =  FFFT,  MT  =    MFTFR: 
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AT 


cost: 

by: 

prinifd: 
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FAJ.FtON.'.TF                     (rn3) 

.0 

COriTUh              <NA) 

If.  .4 

0.A7 

riilORir:F                           (CA.) 

7.3 

0.21 

FOTAr,r,IUM        (K) 

4.8 

0.1? 

rur,  FATF                  (r,n4) 

R50. 

17. 7C 

IRON                    (FZt 

30.5 

1  .  A  4 

NITRATC                      (AS    N) 

?.17 

0.15 

MANOANEGf     (MN) 

.03 

0.03 

FLUOR  IDF                            (F) 

1.33 

0.07 

CILICA      <sro2) 

4     C           ■n 

PHOr.PMATr     TOT     (AS    D 

TOTAL  CATION* 


14.15 


TOTAL     anions; 


10.  12 


CTA.MDARn    nrVIATION    OF    ANION    CATION'    BALANrF 


<r,IGMA) 


LAF:ORATnRY  F'H 

FIFIFi    UATFR    FT  M.-^TRATURr 

CALCULATFn  D  I  f.r^Ol.  VFI:  SOLIDS 

SUM  OF  .'■:ISS.  CONST  I TUFNT 

LAD    SFTC.COND.  ( MI  rROMHOS/CM ) 


^AF^•AMFTER 

VAI.  UC 

TCMFTRATURE.     AIR     (C) 

10.        C 

CND 

FTFI  D    FH 

3.33 

ALU 

NirKFI   .DISS     (MG/I      AS    NI) 

.07 

SIL 

LFAD-.'^iISS        (Mr>/1     AS    PH) 

-.04 

r-tOR 

STRONTIUM. DISS     (MO/I      SR) 

.40 

CAD 

TITANIUM    D  IS  (MG/I.     AS    TI) 

.021 

CMR 

VANADIUM, DISS(MG/L    AS    V) 

.00/. 

cor 

Z INF. DISS        (MG/L     AS    7N) 

3.04 

1    IT 

ZIRCONIUM    DIS(MG/I.     AS    7R 

.000 

MOL 

GFI  r  NTIIM.     DISS     (UG/l      SF) 

ACT 

3.64  IOTA!.     HARDNFSS    A:>  C.'-ir03 

17.7  r.   total  al.kai.  i.'iify  as  cac03 

sodi:;m  adsorption  ratio 

RY.'NAR  STADT!  TT'r  INDrx 

1499.      lANGLTFR  SATURATION  INDFX 


FARAMFTFR 
UCTVY.FTFLD  MICROMdOS 
MI  NUM.  DISS  (MG/I.  AD 
VER.DISS  (MO/I.  AS 


ON 


"^1 


(MG/L 


MIUM.r:ISS(MG/l.  AS 

omtum.  diss  (mg/i. 
pfr.dtss  (mo/l.  as 
hi(;m.dtss(mg/i.  as 

YDDFNUMf  D1SS(MC./L 
DTTY.  Tf!T(MG.'l   CACO 


AS) 

D) 

CD) 

CR> 

CM) 

I  X) 

MC 


504.79 
0.20 


VAL  UC 
1  3  I  A  . 
33  .  7 
^.002 
.06 
.017 
.009 
.066 
.003 
.03 
.^90. 


REMARNS:  UATFR  IS  DRIOHT  ORANOF  *  ADUNDANT  FF  MYDROXIDF  M.  OCCi::  f.  NT  « 

NO.  FlUr  CRF:;\  flow  511  GPM.  F\i    4.9A,  S.C.  9A2  *  COTTONUOOD  CRFFN 
UPSTRFAM  Fl OU  \??    0PM.  PH  2.96.  S.C.  2100  * 

lad:  H>  5.05  MG/L  GIVFS  10.3  MFQ  CATIONS  GTVFG   .53  SIGMA 


cxpianation:  mg/i. 


Mil  I  irOUTVri  FNTS  FTR  LITFR. 
IISTI.-.ATFD.  (R)  =  REPORTED. 


Mill.  IGRAMS  PER  LTTFR.  UG/I.  -  MICROGRAMS  PFR  rilFR,  MFR/L 

D.     (F)     = 


FT 

TR    ■■ 


ii:.<Tt     MT     ~    MFTFRS 
TOTAI      RKCOVFRADIE. 


QU 


1  I   A 
iW  11 


UT       OU 


other  a'v'ati  af-:i  f  data 
othfr  file  numdfrs: 

project: 

LAST  FDIT  DATF: 

processing  program: 


19  FF."^  02 
F1730P  V2 


(  1  1/3/01  ) 


AT 


COST 

DY 

F'RINIFD 


PFRCFNT  MFQ/L  (FOR  PI PFR  PLOT) 
CA    MG    NA     K  CI    S04  UC03 

55. A  30,1   5.1   1.0   1.2  90.0   0.0 


(M)  -  MFASl.'RF 
7  01  -  TOT  A!  . 

OFHFR 


TP    *.I.SS 
27  MAY  O:'. 


C03 

0  .  0 


note:    IN  FPRREGPONDi  NCf  .  f  I  f  ASF  Ml  M.  Tfl  lAJ:  NUMTF  R  :    010151 


ii-H 


hONTAHA    rtURrAtJ    OF    Minrs    AN'n    Grni  ORY  UATiTR    QUALITY    AHAIYGIC 

DUTTf. MONTANA       ?>?70.t        (  40/,  >  496  •  4 1 0  I  l.AI:    ND.     R.lR.tS.t^ 

GTATF    MONTANA  COUNTY    CAflCADC 

LATITUDE    LONG  I  TUPr    47r:?A'5?'N       1  t  t  nO?  '  24  •  W  r:iTr    LOCATinN    ?0N       SF    3/.    AAA 

UTrt  cnoRraNATFr,  7       n  e:  hrmg  sitf  cf-07 

TOF-nGRAF'HIC  MAP  SOIJTHFAST  GRFAT  FAI.  IS  7  .t     STATION  in  4>,72A59.t  t  .1 0??401 
GFOl.  OGTC  SOURCF  *         *         t   SAMFl.H:  GOURCF  GTRFAM 

rir>ArNAGF  pastn  F;r  land  surfagf  a:,  tttutif       3.102.      ft    ;    to 

AGENCY  I     GAHPJ.ER  MRMG*JLC  UATFR  FLOW  RATF     327.   GFM 

nOTTI.F  NUMPFF;  CF-07  Fl  OW  MFAS  MFTHOD  WFIR 

DAfF  SAMFLFTi  20  AtJG  01  STAFF  GAGC 

TIMF  CAMFI  Fn  tjrOO  HOURS  STF;rAtt  STAGC 

LAB  }     ANALYST  MSMGXFNA  nFFTH  TO  SAMFLC 

PATF  ANALY7FD                       TOTAL  HFPTH  OF  lOATFR  0 .  ^.  FT  ( M) 

CAMFLI::  MANTH  ING  4220  STRFAM  WIPTM                    | 

METHOrs  GAMFl.FD  GRAI: 

UATFR  (ISF  UNMSFIi 

SAMPLING  SITF  SANH  COUL FF  CRFFK  .S  MI  L  OF  GFREFR  SIDINC 
DRAINAGF  SASIN  MISSOURI  RIVFR  PFTUFEiN  MARIAS  RIMFR  AND  LITTl.F  FRICKLY  T 

MC/L  MFQ/L  MG/L  MFO/L 

CALCIUM    <CA)  )A0.  7.70  BICARRONATF    (MC03)  .0 

MAGNFSIUM  ( MG )  ?1.8  7.f.f>  CARBONATF  <C03)  .0 

GOniUM     (NA)  17.0  0.74  CHL.ORirC  <CL)  11.0      0.31 

POTASSIUM   (K)        3.4  0.0?  SULFATF  (S04)  2300.  47.09 

IRON        (FF)  L76.  10.53  NIFRATC  (AS  N>  1.07     0.00 

MANGANFSF  (MN>        l.<f.l  0.0/.  FLUORJDF  (F)  5.75     0.30 

SILICA   (ST02)  -■J4.7  PMOSFMATF  TOT  (AS  P) 

TOTAI   CATIONS  26. 9S  TOTAL  ANIONS  40.50 

GTANrsARn  DFVIATION  OF  ANION  CATION  BALANCF    (SIGMA) 

LACORATORY  PH  2.09     TOTAL  HARDNFSS  AS  CAC03    777.37 

FIFLLi  IJATFR  TFMPE.RATURF  J7.0  C  TOTAL  ALKALINITY  AS  CAC03 

CALCUL.ATFD  DTSSOLVFD  SOL  ITS  SOIMUM  AUSORPTION  RATIO      0.27 

SUM  OF  niSS.  CGNSTITtJFNT  RYT'NAR  STABIL.ITY  INDCX 

LAP:  SPFCCONH.  (MICROMMOS/CM)  330A.     LANPLIFR  SATURATION  INI.'FX 

PARAMFTFR  VALUC              PARAMFTFR 

TEMPERATURFf  AIR  (C)  13.0  C  CNPUCTV Y . F IFL D  MICROMHOS 

FIFLn  PtI  .2,6  ALUMINUM,  PUSS  (MG/L  Al.) 

NICKrL»r:ISS  (MG/L  AS  NI  )  2.10  SILVFRtPISS  (MG/L  AS  AG) 

LEAD,riISS   (MG/L.  AS  PE)  •;.04  BORON  »riISS  (MG/L  AS  B) 

STRONTIUM, PISS  (MG/LSR)  .66  CADMI  U.'"! ,  D  J  £S  (  MG/L  AS  CIO 

TITANIUM  riIS(MG/L.  AS  TI)  .32  CHROMIUM,  BIGS  (MG/L-CR) 

VANADIUM, r:ISS(MG/L  AS  V)  .015  COPPFRfBISS  (MG/L  AS  CU) 

ZINC, DISS   (MG/L  AS  7N)  9.19  L.  ITH  KJM  ,  B ISS  ( MG/L.  AG  LI) 

ZIRCONIUM  DISC  MG/L  AS  7R  .0.19  MOL  YBDFNUM  ,  BI  SS  (  MC/L -MO  ) 

CFLFNIUM.  ntSS  <UG/L  SF)  .7  AC  I B I F Y , TOT ( MG/L  CAC03 )      10  40. 

RFMARLsS:  WATFR  IS  RED  BROWN  *  LARGE  F'ARTICULATF  HYBROXIBE  FLOCCULENT  * 
LABi  HL  37.06  MG/L  GIVFS  53.11  MFLJ  CATIONS  GIVFS   5.13  SIGMA 

explanation:   MG/L  =  milligrams  per  LITER,  UG/L  •■=  MICROGRAMS  PER  LITER,  MFO/I 
MILL  IF3UTVFL.ENTS  PFR  LITER.   FT  ^    FFFT,  MT  =  METERS.   (M)  =  MEASURED,  (E)  = 
ESTIMATED,  (R^  =  REPORTEB.    IR  =  TOTAL  RECOVERABLE,   TOT  ^  TOTAL. 


VALUE 

2055. 

203. 

.005 

.  14 

.049 

.  10 

■«  o 

.  X    / 

.20 

.00 

OTHER  AVAILABLE  BATA 
OTHER  FIl  E  numbers: 


GU   WA   32   UT   0!.;   PU   AT        OTHER 


pro-.ifct:  cost: 

LAST  EDIT  bate:   19  FEB  02  BYI   TP    »JK"C 

PROCESSING  program:  ri730P  V2  (11/3/01)   printed:  27  may  03 

PERCENT  MEQ/L  (FOR  PIPER  PLOT) 
CA    MG    NA     K  CL   S04  HC03   C03 

40.0  46.2   4.5   0.5   0.6  99.4   0.0   0.0 

NOTE  I    IN  CORRESPONDENCE,  PLEASE  REFER  TO  LAB  NUMBER:   B1R1513  D-9 


MOf/TAfIA     RllRfAU 
rUTTf .MONTANA 


nr  MiNrn  amh  r.rnt  ogy 

59701         (<0/,  )49A     4  1  fit 


STATr 

MONTANA 

1  ATITUDC     L  nNr.TTIJHr 

4  7ri?A'fiR'N       Minw 

UTM    rdOMirNATrs 

/           N                          C 

Toror.RArKir,   map 

r;ouTnurr.T  oreat   fai 

crni  nr.Tc   nntiRCc 

*               « 

DRATNACr     TtAZlH 

y-i.                                  1 

AfirNCY    ^    HAMr-i  rp 

MSMllt  JJD 

DOTll.  f.     NIJttlUR 

cr   0? 

DATF   sAMr-i  rn 

?A    AUfi     01 

TiMK   r,f\nn  ru 

ia:oo  hours 

LAB    +     ANAI  rST 

MPMr,«rNA 

riATf     ANALY7rD 

SArtpi.  r  MANHi  rwr. 

-1220 

METHOD    SAMPLEn 

GRAI! 

UATfR    atJAt  TTY    ANAlYf>IC 

I  A r.   tin .    nxnx^i/. 


IR'U 


COUNTY 

M  rr    I ur AVION 
MfiMfi  '■>rTr 

I n    7    1  STATION     in 

*     SAMPi  r   r.ourvrr 

ANP    SUTTACr     Al   T  nUDE 

UATFR    ri  OU    RATE 

f  LOU'    MEAS    MUTHOD 

STAfr     fiAGE 

STREAM    STAGE 

n.TPTM    10    SAMPLE 

TOTAL     liFPTH    Of    WATER 

STREAM    yiPTH 


V.    AK:pr    < 


CASf.AOE 
PON      .ir 

rr   07 

n/r/,sRi  1 1 1 7  ?noi 

STREAM 


11. 
ULIR 

LOU  El  OU 


10, 


GFM 


ET 
FT 


(M) 


WATER  USE  UNUSED 


SAMEI  TNG  SI TE 
DRAINAGE  BASIN 


SAND  com  EE  CR«PRTrinE  AT  MISSOURI  RU'ER  RD 
MISSOURI  RIVTR  DETUrrN  MARIAS  RIVER  AND  I  MTl 


•RICNLY  ri 


CAI  CIUM 

MAGNESIUM 

SODIUM 

rOTASSIUM 

IRON 

MANGANESE 


(CA) 
(MG> 
<NA) 
<K) 
(EE) 
(MN) 


Gil  ICA   <SI02) 
TOTAL  CATION? 


MG/I 
IRt  . 
06.  3 

.'in.o 

7.9 
15.7 

1  .79 
27.1 


MEQ/L 
9.03 


7, 
I  , 
0. 
0, 
0, 


10 
A9 
?0 
B4 
07 


BICARBONATf 

CARBONATE 

CHI  ORIDE 

SUI  FATE 

NITRATE 

FLUORIDE 

PHOSPHAT 


TOT 


(HC03) 

(C03) 

(CD 

(S04) 

(AS  N) 

(E) 

(AS  P) 


18.93 


TOTAL  ANIONS 


STANDARD  DFUIATION  OF  ANION  CATION  BALANCE 


(SIGMA) 


LADORATORY  PH 

EIFI  D  WATER  TrMPERATURE 

CALCULATED  DISSOLVED  SOLIDS 

GUM  OF  DISS.  CONSTITUENT 

LAD  SPEC.COND. ( MICROMHOS/CM ) 


3. 
13 


(C  ) 

AS  NI) 
AS  PB) 


PARA/IFTER 
TEMPERATURE f  AIR 
FIFI  D  PH 

NICKEL  f  DISS  (MG/I 
LEAD, DISS  (MG/L 
STRONTIUM, DISS  (MG/L  SR) 
TITANIUM  DIS(M(i/l.  AS  TI) 
VANADIUM, DISG(MG/L  AS  V) 
ZINC. DISS  (MG/l  AS  7N) 
ZIRCONIUM  DIS(MC/L  AS  ZR 
SELENIUM,  PISS  (IIG/LSE) 


'348. 

VALUE 
25.        C 
2.91 
1  .39 
<.04 
.79 
.0  33 
.006 
5.60 
<.003 
.6 


TOTAL  HARDNESS  AS 
TOTAI      AINALINIIY    AS 

SODIUM  ADSORPTION 

RY.'NAR  STABILITY 

LANGL lER    SATURATION 


CNDUCT 
Al  IIMIN 
SILVER 
BORON 
CADMIll 
CHROMI 
COPPER 
L  TTHIU 
MOI  YDD 
ACIDI  r 


PAR 
VY  ,E 
UM, 
DIS 
DIS 
M  f  in 
UM, 
,DTS 
M  ,  D  I 
ENItM 
Y.TO 


AM 

IE 

DISS     (MG/I 

S     (MG/I      AS 

S     (MG/L     AS 

SS(MG/I      AS 

DISS     (MG/L 

S     (MG/L     AS 

SS(MG/L     AS 

,DISS(MG/I 


MG/L  MEQ/L 
.0 
.0 

?2.6  0.64 

1-190  .  31.02 

.7-1  0.05 

3.41  0.18 


31  .8' 


CAC03 
CAC03 
RATIO 
INDEX 
INDEX 


ER 
D  MICROMHOS 
•AL  ) 
AG) 
D) 
CD) 
CR) 
Cll) 
L  I  ) 
MO) 


T(MG/L  -(:AC03) 


B07. 17 


VALUE 

3151. 

i  17. 

,.002 
.  12 
.021 
.032 
.12 
.  10 
.  06 

810. 


remarks:  water  is  TURPID,  murky,  AIGAE-RICH  *  LARGE  FLOCCUI.ENTS  OE  ORANGE 
EF  HYDROXIDE  PRECIPTTATF  *     BANKS  R  BED  RICH  IN  EF  HYDROXIDE  MUD 
DEPOSITED  AFTER  MAY  FLOOD  *  HIGH  WATER  P  5.4  APOVF  CHANNEL  * 
lab:  hi  16.31  MG/L  GIVES  34.21  MFQ  CATIONS  GIVES   3.7  SIGMA 


explanation:      mg/l    =  milligrams  per  liter,    ug/i. 


MICROGRAMS  PER  IITLR,  MEO/I 


MILL  IFOUIV.'^I  FNTS  PFR  LITER.   FT  ^  EFFT,  MT  =    METERS 
ESTIMATED,  (R>  ^  REPORTED.    TR  ^  TOTAL  RECOVERABLE. 


QU   UA 


WI   OW   PU   AT 


other  avail  able  data 
other  file  numbers: 

pro.ject: 

LAST  FPTF  date: 

PROCESSING  program: 


19  FEB  C2 

EJ730P  V2  (11/3/81) 


COST  : 

by: 

printed: 


PERCENT  MFQ/l   (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  MC03 
50.1  39.-1   9.4   1.1   2.0  90.0   0,0 


(M)  =  MEASUR.'^D,  (F)  = 
TOT  -  TOTAI . 

OTHER 


TP  *.)KG 
27    MAY  R3 


cn3 

0.0 


note:   in  correspondence,  pi  ease  rffer  to  I  ap  number:   riqisu. 


n-io 


MONTANA  ril.'RrA'J 
l':L!TTr,  MONTANA 


or    MINEt?    AND    RFIOl.OGY 
f>?70.t        (A0/.)A96    AXOX 


UATrR  QUALITY  ANALY;^. 
I.AF:  NO,  n:lR.t5.t4 


LATITUn 
IJTM 

Torn 
croi. 

DRA 

ARE:Nr. 

DO 
D 

T 

LA 

DA 

GAMP 

tiZJ 


E  LO 

nooR 

ORAP 
OGIC 
I  NAG 
Y  1 
TTLT 
ATf 
IMF 
B  I- 
TF  A 
I  F    H 
HOD 


NGIT 
niNA 
HIC 

r,oi.i 
e:   pa 

SAMP 

NIJH 

SAMP 

<:;amp 

ANAL. 
NAl.  Y 
ANPl.. 
IvAMP 


ATiT 
LIDF 
TPS 
MAP 
RCC 
?IN 
(.  :^R 
KifR 

I.  t:n 

LEfi 
YST 
/CD 
ING 

I.  rn 


MO 
47 

ho 
J:.B 

MB 

or 

if? 

MS 

A?. 
GR 


NTA 

N 
UTH 


NA 


'0"N 


MR* 

-12 

At) 

:oo 

MG« 

20 
AD 


FAST 
* 

JLG 


MIDOP 

C 
GREAT  FA 
t 


'A  'W 


G  -81 

HOURS 
FNA 


UATTR  USIT  UNUSED 


SAMPLING 
DRAINAGF  ! 


SITE  COTTONWOOD  GRFFK 
AS  IN  MISSOURI  RIVTR  R[ 


I.I. 


LAND 


7  t 
* 


COUNTY 

DITF  LOCATION 

MBMG  SITIT 

STATION  ID 

SAMPLE  SOURCE 

SURFACE  ALTITUDE 

UATTR  FLOW  RATE 

Fl  OU  MFAf;  METHOD 

STAFF  GAGE 

STREAM  STAGE 

DFPTH  TO  SAMPLE 

TOTAL  DEPTH  OF  UATFR 

STREAM  WIDTH 


*  AT  CENTERVII.  I.  F  SCHOOL 
TUFEN  MARIAS  RIVER  AND  I 


IV  AACD 


CASCADE 
19N   r.F 

4"72:<?0n. 1002401 
STREAM 

3464.   FT 
3A0.0  GPM 
ESTIMATED 


U 


TTLF  PRICKLY  F 


CAL  CIUM 

MAGNESIUM 

SODIUM 

PCTASSJI.IM 

IRON 

MANGANESE 

Gil  ICA  (i 


<CA) 
(MG) 
(NA) 
(K) 
(FE) 
(MN) 
102) 


TOTAL  CATIONS 


MG/L 

151. 
/,0.  1 
15.0 


MEP/I 


5,1    rsiCARBONAT: 


60 
?3 
.0 


4.94 

CARDONATF 

0.  A9 

CHL  ORIDE 

0.13 

SiJLFATF 

0.52 

NITRATE 

0.03 

FLUORIDE 

PHOSPHATE 

TOT 


(HC03) 

(C03) 

(CD 

(S04) 

(AS  N) 

(F) 

(AS  P> 


13.85 


TOTAL  ANIONS 


STANDARD  DEVIATION  OF  ANIONCATION  SAl.ANCf 


(SIGMA) 


LAPORATORY  PH 

FIELD  WATER  TEMPERATURE 

CALCULATED  DISSOLVED  SOLIDS 

SUM  OF  DISS.  CONSTITUENT 

LAD  SPEC.CCNP. ( MTCROMHOS/CM ) 


;  NI  ) 
PP) 


PARAMETER 
TEMPERATURE.  AIR  (C) 
FIELD  PH 

NICKEl.fDISS  (MG/L  AS 
LEAD.D.TSS  (MG/L 
STRONTIUM. DISS  (MG/L  -SR) 
TITANIUM  D  IS  (MG/L.  AS  TI) 
VANADIUM, DISS(MG/L  AS  V) 
ZINC  DISS  (MG/L  AS  7N) 
ZIRCONIUM  DIS(MG/L  AS  7R 
SELENIUM.  DISS  (UG/L-SE) 


159R. 

VALUE 

22. 

3.34 
.92 
':.04 
.42 
.022 
.009 
-1.0  4 
.003 
.8 


50     TOTAL  HARDNESS  AS 

2  C  TOTAL  AL.KAIINITY  AS 

SODIUM  ADSORPTION 

RYx"'NAR  STABILITY 

LANGLIER  SATURATION 


CNDUC 
AL.UMI 

sii..vr 

BORON 
CADMI 
CHROM 
COPPF 
LITIfl 
MOLYD 
AC  ID  I 


PA 
TVY. 
NUM. 
R.DI 
.DI 
UMf  D 
lUM. 
R,PI 
UM.D 
DENU 
TY,  T 


RA 
FI 

D 


15; 

D 

ss 

IS 
Mf 
OT 


METER 

FLD  MI 

ISS  (M 

(MG/L 

(MG/L. 

S(MG/I. 

ISS  (M 

(MG/L 

S(MG/I. 

DISS(M 

(MG/L  • 


MG/L 
.0 
.0 
6.7 
S91  . 
2.04 
1  .44 


MEO/L 


0.19 

IS.  55 

0.  15 

0.00 


CAC03 
CAC03 
RATIO 
INDEX 
INDEX 


CROMHOS 
G/L  AL) 


AS 
A3 
AS 

G/L 
AS 
AS 

G/L 


AG) 
B) 
CD) 
CR) 
CU) 
LI) 
■MO) 


CAC03) 


13.96 

624.42 
0.20 


VAL  UE 

1233. 
4  3.3 
.002 
.04 
.015 
.014 
.090 
.087 
.02 

34  2. 


remarks:  flow  DY  SUDTRACTION  from  CF-03  weir  (DF01=CA.15  GPM)  * 
MORE  COMPACT  FLOC  USED  2  FILTERS 
lad:  HL  6.90  MG/L  GIVES  20.1  MEQ  CATIONS  GIVES   2.9  SIGMA 


EXPI  ANATION:   MG/L.  =  MILLIGRAMS  PER  L  ITER,  UG/L. 
MILLIEOUIVFLENTS  PER  LITER.   FT  =  FEET,  MT  -■■    METERS 
ESTIMATED.  (R)  =  REPORTED,   TR  -  TOTAL.  RECOVERASl  E  . 


MICROGRAMS  PER  LITER,  MEG 
(M)  :^  MEASURED,  (E)  = 
TOT  =  TOTAL. 


QW   UA 


UI 


OTHER  AVAILABLE  DATA 
OTHER  FILE  NUMPERG: 

project: 

last  edit  date! 

PROCESSING  program: 


19FE'^'8'^ 

F1730P  V2  (11/3/Bl) 


PW   AT 


cost: 

B  Y  J 

printed: 


OTHER 


T  r '  »  J  r\  w^ 

27  MAY  B3 


PERCENT  MEQ/L.  (FOR  PIPER  PLOT) 
CA    MC    NA     K    CL   S04  HC03   C03 
56.7  37.2   5.2   1.0   1.0  99.0   0.0   0.0 


note;   in  CORRESPONDENCE,  PLEASE  REFER  TO  LAP  NUMPER:   R1P1514  p_j 
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IC 
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c 

r^TOCKCTT  7 
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< 
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?9  ?,rr'  o\ 
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r^TATiON   in 
»     r.AMri  F   rjntisnr 

I.ANP    nuRFAcr.    Al  TITDnr 

UATFR    r  I  nu    RATF 

Fl  OU    MFAr-    MF  IfiOn 

STAFF    r.AOC 

r.TREAM  STAfiF 

nrpiM  TO  r>AnPLC 

TOTAL    DFFTH    OF    U.MT.R 
<JTRf:AM    UIDTM 


7«rrAA  ( 


CAnCAPC 

i«N  r.f 

CF     I.'. 

47l??lt \ tOVOSOl 

r.TKrA.i 

3B5f> 
.15,0 

uriR 


r  T 

GTM 


to 


0.6  FT  (M) 


UATrR  (j: 


UNUSED 


CAMFLING  niTF  COTTCNWnnn  CRFFh,  »  HFI  OU  Fill 
DRAINAGF  PASIN  MISSOURI  MVFR  PFTWrrN  MARIAS 


CUTRl  FY  FARM 
RIiyfR  ANP  I  ITTLF 


PRirKL  Y  PI 


CAI  nuM 

MASNfSIUM 

GOniUM 

POTASSIUM 

IRON 

MANGANESE 

SIl  ICA   (( 


(  !".  A  ) 
(MG) 
(NA) 
(K> 
(FD 
(MN) 
102) 


MC/I 

f.A 

-» 

.14  , 

,  1 

11  . 

.4 

3, 

,  1 

.30 

.03 

o! 

.4 

MEQ/I. 


,03 
01 

SO 
OR 
0? 
00 


PICARPONAT? 
GARFONATF 
CHI  ORIPE 
SIJI  F<)TF 
NITRATE 
FLUORiriE 
.■^HOSPMATr  1 


OT 


(Hr03) 

(Cn3) 

<CL) 

<S04> 

(AS  N) 

(F) 

(AS  P) 


MG/I 
?05. 

0. 

»,  •  ' 

49.  1 
5.33 
.57 


MEfJ/l 
4.67 


0, 
1  , 
0. 


10 
02 
30 


0.03 


TOTAL  OATIONS 


6.23 


TOTAL  ANIONS 


STANDARD  nEVIATION  OF  ANION  CATION  BAl ANOF 


(SIGMA) 


0.  10 


LAtORATORY  PH       8.26 
FIFLn  UATFR  TFMPrRATURr      21.4  C 

CALCULATED  DISSOI.  Vm  SOLIDS  313.13 

SUM  0.'-'  DISS.  coNSTiruf:Nr  457.73 

LAP  SPEC.CONP. (MICROMHOP/CM)  4  17.6 


TEMPE 
Al  UMI 

SIl  vr 

DORON 
CAPMJ 
CHROM 
COPPF 
LITUT 
MOLYP 
GELFN 


PARAMFTER 
RATUREr  AIR  (C) 
NUM,  DISS  (MG/I - AL ) 
R.DISS  (MG/I   AS  AG) 

DISS  (MG/I.  AS  P) 
UM»DISS(MG/L  AS  CD) 
TUM,  DISS  (MG/LCR) 
RfDISS  (MG/I.  AS  CU) 
IIM.  DISS(MG/L  AS  L  I  ) 
DENUMf DISS(MG/L  MO) 
IUM»TR  (UG/I.  AS  SE) 


VALUE 
20.   C 

.31 
c:.002 
<.02 
<.002 
'.■,002 
<.002 

.000 

.04 

.6 


TOTAL  HARDNESS  AS 
TOTAL   AL  .SAL  INITY  AS 

SODIUM  ADSORPTION 

RY7NAR  STAPH  ITY 

LANGI  IFR  SATURATION 


:r 


CACn3 
CAC03 
RATIO 
INDEX 
INDEX 


CNDUCTvV  f  riFL  d'  MICROMHOS 
NICMrL»DISS  (MG/L  AS  NI) 
LEAD, DISS  (MG/L  AS  PP) 
STRONTIUM. DISS  (MG/l  5R) 
TITANIUM  P1S(MG/L  AS  II) 
VANADIUM , DISS(MG/L  AS  V) 
ZINCfPTSS  (MG/L  AS  7N) 
ri.-^CONIUM  DIS(MG/L  AS  ZR 
SELENIUM,  PISS  (UG/LSE) 


2ei .94 

233.75 

0.30 

6.50 

0.80 

VAl  UC 
970. 
.02 
<.04 

'.003 

-:.ooi 

.013 
,  .003 
.6 


remarks:  uatfr  is  murky,  some  ff- hydroxide  prftipitates«muddy  col nR*REnUIRLD  : 

FIL  TFRS*P.':lOU  CON,*^  0.*^  STREAM  THRU  SHIRLEY  RANCH  AND  ACID  STREAM  DRAK 
ING  RrSERVOIR*PH  HIGHLY  UNSTAPLE  *  ELECTRODE  POISONStCROSS  REF  RIQIR: 


explanation:   mg/l  =  milligrams  per  liter,  ug/l 


MICROGRAMS  PER  LITER,  MFQ/l 


Mil  L  lEQLIIVFI.FNTS  PER  LITER.   FT 
ESTIMATED,  (R)  ^  REPORT.'^D.   TR 


other  avail aple  data 
other  file  numpers: 

pro.ject: 

LAST  EDIT  date: 

PROCESSING  program: 


fFFT,  Ml  ^    HLTFRS 
TOTAI   RECOVERAPI  E. 


QU   WA   S2   IJI   OU   PW   AT 


25  NOV  01 

F1730P  V2  ( 11/3/81  ) 


cost: 

py: 

frinted: 


(M)  =  MFASURFD,   ( f.  )  =■ 
tot  -  TOTAL  . 

OTHER 


TP  *TP 
27  KAY- B3 


PERCENT  MEQ/L   (EUR  PIPER  PLOT) 
CA    MG    NA     K    CI    S04  HC03   C03 
45.6  45.2   0.0   1.3   1.0  17.6  00.6   0.0 


note:    IN  CORRESPONDENCE,  PLEASE  RFFEf^'  TO  LAP  NUMPER:   0101515   d_i2 


0. 

?.o 

0.00 

94. 

1  .96 

.05 

0.00 

.51 

0.03 

MONTANA  BUREAU  OF  MINtTS  AND  Omi  OGY  UATITR  QUALITY  ANALYSIS 

PUTTC, MONTANA   fi970.t   ( 40A )  496  -4 1 0 1  LAH  NO.  BlOlfil? 

STATF  MONTANA  COUNTY  CASCADE 

LATTTUnr:- I.ONGITUDr  47D23'2.f  N  .tlinOB'21"U    SITE  LOCATION  19N   ST  19*AACD  I 

UTM  COORDINATITS  Z    N  E                  MBMG  SITE  DEOl 

TOPOGRAPHIC  MAP  SOUTHEAST  GREAT  FALLS  7  I     STATION  ID  4723?  1 1 1  1 002.t  01 

GEOLOGIC  SOURCE          «  *  *   SAMPLE  SOURCE  STREAM 

DRAINAGE  DASIN  DP  LAND  SURFACE  ALTITUDE    3464.   ^T 

AGENCY  +  SAMPLER  MBMGtJLS  UATER  ELOU  RATE      15.   GPM 

DOTTI F  NUMBER  DF- 01  FLOU  MEAS  METHOD  ESTIMATED 

DATE  SAMPLED  27AUG-G1  STAFF  GAGE 

TIME  SAMPLED  10?30  HOURS  STREAM  STAGE 

LAB  +  ANALYST  MBMG*ENA  DEPTH  TO  SAMPLE 

DATE  ANALYZED  120CT  81  TOTAL  DEPTH  OF  WATER 

SAMPLE  HANDLING  4220  STREAM  UIDTH 

METHOD  SAMPLED  GRAB 

UATER  USE  UNUSED 

SAMPLING  SITE  SAND  COULEE  CR*UPSTREAM  FROM  COTTONUOOD  CR 
DRAINAGE  BASIN  MISSOURI  RIVER  BETWEEN  MARIAS  RIVER  AND  LITTLE  PRICKLY  PI 

MG/L      MEQ/L  MG/L  MEQ/L 

CALCIUM    <CA)  ;i3.2  1.66  BICARBONATE    (HC03)      155.2  2.54 

MAGNESIUM  <MG)  30.  2.47  CARPONATE  (C03) 

SODIUM     (NA)  R.  0.35  CHLORIDE  <CL) 

POTASSIUM   (K>  3.4  0.09  SULFATE  (S04) 

IRON        (FE)         .076  0.00  NITRATE  <AS  N) 

MANGANESE  (MN)         .022  0.00  FLUORIDE  (F) 

SILICA   <SI02)  4.0             PHOSPHATE  TOT  <AS  P) 

TOTAL  CATIONS  4.56  TOTAL  ANIONS  4.61 

STANDARD  DEVIATION  OF  ANION-CATION  BALANCE    (SIGMA)         0.26 

LABORATORY  PH      7.96  TOTAL  HARDNESS  AS  CAC03  206.38 

FIELD  WATER  TEMPERATURE     25.0  C  TOTAL  ALKALINITY  AS  CAC03  127.29 

CALCULATED  DISSOLVED  SOLIDS  252.51  SODIUM  ADSORPTION  RATIO  0.24 

GUM  OF  DISS.  CONSTITUENT  3;n  . 26  RYZNAR  STABILITY  INDEX  7.79 

LAP  SPEC.COND. (MICROMHOS/CM)  412.0  LANGLIER  SATURATION  INDEX  0.09 

PARAMETER  VALUE  PARAMETER  VALUE 

TEMPERATURE,  AIR  (C>  22.0  C  CNDUCTVY » FI ELD  MICROMMOS  370. 

FIELD  PM  0.41  ALUMINUM,  DISS  (MG/L  AD  .20 

NICKEL, DISS  (MG/L  AS  Nl )  .02  SILVER, DISS  (MG/L  AS  AG)  <.002 

LEAD, DISS   (MG/L.  AS  PB)  <.04  BORON  ,DISS  (MG/L  AS  0)  <.02 

STRONTIUM, DISS  (MG/LSR)  .55  CADMI UM , DI SS ( MG/L  AS  CD)  <.002 

TITANIUM  DIS(MG/L  AS  TI)  <.001  CHROMIUM,  DISS  (MG/LCR)  <:.002 

VANADIUM, DISS(MG/L  AS  V)  <.001  COPPER, DISS  (MG/L  AS  CU)  .002 

ZINC,  DISS   (MG/L  AS  ZN)  .006  L I TH  lUM ,  DISS  ( MG/l  AS  L.I)  ,007 

ZIRCONIUM  DIS(MG/L  AS  7R  .003  MOL YBDENUM , DI SS ( MG/L ■ MO )  <.02 

SELENIUM,  DISS  (UG/L  SE)  .4  SELENIUM, TR  (UG/L  AS  SE)  .3 

remarks:  used  6  filters  -  00100  ML/FILTER  *  GEL.L.IKE  PPT.  ON  FILTER  (SOAP?) 
CROSS  REF.  8101839  * 

explanation:   MG/L  =  milligrams  per  LITER,  UG/L  =  MICROGRAMS  PER  LITER,  MEQ/L 
MILL.IEQUIVELENTS  PER  LITER.   FT  =  FEET,  MT  =  METERS.   (M)  =  MEASURED,  (E)  = 
ESTIMATED,  (R)  =  REPORTED.   TR  =  TOTAL  RECOVERABLE.   TOT  ^  TOTAL. 

QW   WA   S2   yi   GUI   PU   AT       OTHER 

other  avail.able  data 
other  file  numbers: 

project:  cost: 

LAST  EDIT  date:   25-N0V-81  BY:   TP  »TP 

PROCESSING  program:   F1730P  V2  (11/3/81)    PRINTED:   27MAY-R3 

PERCENT  MEQ/L  (FOR  PIPER  PLOT) 
CA    MG    NA     K    CL   S04  HC03   C03 
36.3  54,1   7.6   1.9   1.7  42.7  55.5   0.0 

note:   in  correspondence,  please  refer  TO  LAB  number:   8101517   D..13 
Ready 


D-7 
DAILY   DISCHARGE  DATA  AND  STREAMFLOW  HYDROGRAPHS 


Stations: 


AFOl 
CF02 
CF03 


'   SrATIQN  ATOiei  STRAIGHT  CXI*.  NTAit  SAMD  COULfr.  nT. 

MATCR  TEAR  rROfl  T^PT   1980  TO  XT   I   IVBl  T  19M    R  04C     SCC  12     DrftC 


LAI     0     0     0  K      LONG      0     0    0  y 


[MY 


OCT 


MOV 


DEC 


JAM 


FEB 


rtCAN  [iiw>iarcj:.  CfS 
nAR  APR 


nAT 


JUN 


JU 


AUb 


SCf 


1 

iniinti 

ttttttttt 

0.000 

0.000 

0.000 

0,000 

7.504 

1.6.?5 

6.067 

3.433 

0.701 

0.347 

nttttnt 

ttttttttt 

0.000 

O.OO? 

0.000 

O.OOO 

6.003 

1.668 

£.391 

2.442 

0.673 

0.297 

.1 

ttutttti 

ttttttttt 

0.000 

0,004 

0.000 

0.000 

3.455 

1.523 

5.041 

2.015 

C.A51 

0.293 

4 

ttttttttt 

ttttttttt 

o.ooo 

0.003 

0.000 

0.137 

1,090 

1.527 

5.214 

3.100 

0.663 

0.325 

5 

tnttttti 

ttttttttt 

o.ooo 

0.004 

0.000 

0.031 

1.801 

1.720 

5.020 

2.843 

0.610 

0.325 

6 

nttttnt 

0.099 

0.000 

0.017 

0.000 

0.000 

1.660 

1.989 

4.935 

2.574 

0.610 

0.312 

7 

tutttui 

0.109 

0.000 

0.015 

0.000 

0.000 

1.562 

2.010 

4.680 

2.175 

0.606 

0.293 

8 

ttttttttt 

0.101 

0.000 

0.017 

0.000 

0.000 

1.500 

4.805 

4.607 

1.252 

0.61B 

0.274 

9 

ttttttttt 

0,071 

0.000 

0.043 

0.000 

0.000 

1.122 

1.969 

4.935 

2.104 

0.610 

0.283 

10 

ttttttttt 

0.064 

0.055 

0.0O6 

0.000 

0.000 

1.417 

1,791 

4.688 

2.067 

0.583 

0.283 

It 

ttttttot 

0.049 

0.190 

0.000 

0.000 

0.000 

1.326 

1.905 

4.527 

1.577 

0.575 

0.274 

12 

tntttttt 

0.02(1 

0.051 

0.011 

o.ooo 

0.000 

1.276 

2.400 

5.031 

1.577 

0.5/.8 

0.264 

13 

ttttttttt 

0.004 

0.029 

0.009 

0.010 

0.000 

1.184 

2.236 

4.449 

1.994 

0.549 

0.264 

14 

ttttttttt 

0.000 

0.080 

0.0O8 

0.378 

0.000 

1.163 

2.067 

6.958 

1.660 

0.534 

0.254 

15 

ttttttttt 

O.OOO 

0.214 

0.005 

0.344 

0.000 

1.206 

2.772 

3.079 

0.955 

0.520 

0.254 

16 

ttttttttt 

0.001 

0.034 

0.000 

0.270 

0.000 

1.229 

9.7/^ 

7.198 

0.949 

C.448 

0.254 

17 

ttttttttt 

0.010 

0.000 

0.002 

0.069 

0.000 

1.326 

3.235 

3.070 

0.333 

0.427 

0.245 

IP 

ttttttttt 

0.009 

0.000 

0.121 

0.012 

0.000 

1.352 

6.b79 

2.793 

1.009 

0.444 

0.236 

19 

ttttttttt 

0.007 

0.000 

0.136 

O.OOO 

0.000 

1.406 

6.414 

4.294 

0.962 

0.44C 

0.236 

20 

ttttttttt 

0.004 

0.000 

0.064 

0.000 

0.000 

1.434 

6.515 

4.527 

0.911 

0.461 

0.227 

21 

ttittutt 

0.037 

0.000 

0.027 

0.000 

0,000 

1,500 

9.559 

5.084 

0.899 

0,450 

0.236 

22 

ttttttttt 

0.000 

0.000 

0.007 

0.000 

0.000 

1.605 

10.026 

7.337 

C.896 

0.409 

0.227 

23 

ttttttttt 

o.oo: 

0.000 

0.000 

0,000 

0.053 

1.530 

7.975 

5.020 

0.800 

0.394 

0.210 

24 

ttttttttt 

0.033 

0.000 

0.000 

0,000 

0.053 

1.554 

7.701 

4.736 

0.880 

0.400 

0.210 

25 

ttttttttt 

0.000 

0.324 

0.000 

0.000 

0.460 

1.463 

7,434 

4.607 

0.083 

0.431 

0.342 

26 

ttttttttt 

0.011 

0.310 

O.OOO 

0.000 

0.893 

1,585 

7.518 

4.708 

0.880 

0.431 

0.231 

27 

ttttttttt 

0.050 

0.086 

0.000 

0.000 

1.B35 

1.554 

6.489 

4.419 

0.835 

0.309 

0.199 

28 

ttttttttt 

0.049 

0.002 

0.000 

o.ooo 

1.764 

1,523 

6.338 

4.769 

0.813 

0.336 

0.195 

29 

ttttttttt 

0.024 

0.003 

0.000 

0.000 

2.495 

1.685 

5.923 

4.449 

0.795 

0,336 

0.151 

30 

ttttttttt 

0.003 

0.000 

0.000 

0.000 

4.713 

1,651 

5.734 

3.699 

0.749 

0.451 

C.3i4 

31 

ttttttttt 

0,000 

0.000 

0,000 

0.000 

8.450 

0.000 

7.490 

0.000 

0.699 

0.436 

0.000 

TOTAL 

tttttttt 

ttttttttt 

1.3fl5 

0.507 

1,090 

20.892 

56.557 

151.753 

142.171 

45.706 

15.781 

7,654 

WM 

tttttttt 

tttttttt 

0.045 

0,016 

0.039 

0.674 

1.835 

4.095 

4.739 

1.474 

0.509 

0.262 

HAX 

o.ooo 

0.109 

0.324 

0.136 

0.378 

C.450 

7.504 

10.026 

7.137 

3.433 

0.701 

0.747 

rtlH 

tttttttt 

0.000 

O.OOO 

0.000 

0.000 

0.000 

1.1.-2 

1.523 

2.793 

0.A9-7 

0.336 

0.151 

AC-FT 

tttttttt 

ttttttttt 

2.747 

1.006 

2.J63 

41.439 

112,172 

300.997 

281.993 

90.65; 

31.702 

15.578 

D-14 
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II 


Mi  }![ 


I 

'"I 
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AF0181 


JUL 


SI 

'I 
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i 

h 

8 


II 


MJG 


■>! 


t 
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! 


h 


STP 


51 


■. 


o.co 


1.43 


tt 


2,St 


4.3«0 


lit/ 1> 


8.59 


10,03 


D-17 


'  STATIW  Af0182        STRAIGHT  CRCTH  XCAR  ZMt)  COULEE,  ftT. 

IWTtR  YEAR  TKOn   SEPT  1981  TO  OCl   1  1982        T  19K  R  04£  SEC  K' 


ncoc 


LAI  0  0  0  N   LONG   0  0  0  U 


HEAM  DISCHARCE.  CTG  ' 

WY 

OCT 

MOV 

DEC 

JAM 

FEB 

HAK 

APR 

rtAY 

JUM 

JUL 

AUG           5£r 

1 

0.304 

0.394 

0.000 

0.000 

O.OOO 

0.000 

0,325 

0.062t 

0.038* 

0.097* 

0.158*  ********* 

2 

0.304 

0.359 

O.OOO 

0.000 

O.OOO 

0.000 

0,119 

0.073« 

0.040* 

0.099* 

C.l^Ot  ttt*tt*tt 

3 

0.314 

0.347 

0.026 

O.OOO 

0.000 

0.000 

0.040 

0.0831 

0.042* 

0,101* 

o.un  **}**«*>j 

4 

0,293 

0.306 

0.047 

0.000 

0.000 

0.000 

O.ltO 

0.094 

0.044* 

C.103* 

C,ta4*  tt*t*tltt 

5 

0.389 

0.549 

0.058 

0,000 

0.000 

0.000 

0,148 

0.012 

0.046* 

0,105* 

0,16M  ttututt 

6 

0.274 

0.641 

0.095 

0.000 

0.000 

0.000 

0.263 

0,162 

0.04fi* 

0.107* 

r..\t>(it  tt****tt* 

7 

0.269 

0.597 

0.072 

O.OOO 

0.000 

0.000 

0.003 

0.105 

0.050* 

0.109* 

0.170)  ttltttttt 

G 

0.210 

0..T58 

0.07^'' 

O.OOO 

0.000 

0.000 

0,166 

0.070 

0.052* 

0.111* 

0,172*  *******{* 

9 

0.155 

0.254 

0.033 

0.000 

0.000 

O.OOO 

0.316 

0.130 

0.054* 

0,113* 

0,174*   ****}*!>} 

10 

0.259 

0.228 

0.031 

0,000 

0.000 

0,000 

0,736 

0.109 

0.056* 

0,115* 

0,176*  ******!** 

11 

0.391 

0.162 

0.014 

0,000 

0.000 

0.092 

1.664 

0.016 

0,058* 

0.117* 

0.178*  *lt}t>*>} 

12 

0.701 

0.116 

0.017 

0.000 

O.OOO 

0,106 

0,795 

0.004 

0,060* 

0,119* 

U.180*  t*ttt*ttl 

13 

0.667 

0.087 

0.030 

0.000 

0.000 

0.127 

0.809 

0.001 

0.062* 

0.121* 

0.182*  ********* 

14 

0.602 

0.210 

0.100 

0.000 

0.000 

0.104 

0.587 

0.003* 

0.064* 

0.123* 

0,104*  ********* 

15 

0.572 

0.344 

0.024 

0.000 

0.000 

0,038 

0.476 

o.oost 

0.066* 

0.125* 

0,18a*  ********* 

16 

0.513 

0.194 

0.010 

0.000 

0.000 

0.008 

0.657 

O.007» 

0.068* 

0.127* 

0.188*  ********* 

17 

0.485 

0.202 

0.073 

O.OOO 

0.000 

0.009 

0.328 

0.009J 

0,070* 

0,129* 

0.190*  ******}}] 

18 

0.458 

0.186 

0.124 

0.000 

0.000 

0,003 

0,277 

O.Ollt 

0,072* 

0.131* 

0.192*  ********* 

19 

0.456 

0.202 

0.137 

0.000 

0.000 

0.000 

0,321 

0.013* 

0.074* 

0.133* 

O.P^     >**tt>*}i 

20 

0.490 

0.253 

0.056 

O.OOO 

0.000 

0.099 

0,431 

0.015* 

0.076* 

0,135* 

t***ttttt  ********* 

21 

0.373 

0.214 

0.054 

0.000 

O.OOO 

0.054 

0.261 

0,017* 

0,078* 

0.137* 

ttutitu  tutttttt 

22 

0.330 

0.219 

0.010 

0.000 

0.000 

0.260 

0.069 

0,019* 

0,080* 

0,139* 

t*tttt(tt  ********* 

23 

0.419 

0.269 

0.013 

0.000 

0.000 

0.290 

0.033 

0,020* 

0,002* 

0.1411 

tiuiitu  iiitmtt 

24 

0.573 

0.2R3 

0.001 

O.OOO 

0.000 

0.136 

0.034t 

0.022* 

0.004* 

0.147* 

*********  intttut 

25 

0.756 

0.232 

0.091 

0.000 

0,000 

0,086 

0,0351 

0,024* 

0.086* 

0.145* 

*********   }**}**!** 

26 

0.604 

0.119 

0.079 

O.OOO 

0,000 

0.150 

0.036t 

0,026* 

0.007* 

0.147* 

ttttttttt  ********( 

27 

0.634 

0.010 

0.000 

0.000 

0.000 

0.326 

0,038» 

0.028* 

0.089* 

0,149* 

*******>}  littttttt 

20 

0.634 

0.000 

0.000 

O.OOO 

0.000 

0.723 

0.039* 

0.030* 

0.091* 

0,151* 

ttt*tt*tt  ttttttttt 

29 

0.634 

O.OOO 

0.000 

0.000 

0.000 

0.732 

0.040 

0.032* 

0,093* 

0.153* 

«t*}*ii>:  :t}***tt> 

30 

0.542 

0.000 

O.OOO 

0.000 

0,000 

0.354 

0.05)» 

0,034* 

0,095* 

0,154* 

ttttttttt  ttt****** 

31 

0.450 

0.000 

0.000 

0.000 

0.000 

0.293 

0.000 

0.036* 

0,000 

0.156* 

***}tl**>        0.000 

OTAL 

14.223 

7.306 

1.235 

0.000 

0.000 

3.999 

9.213 

1.271 

2.004 

3.934 

ttttttttt  ttt****t 

EAN 

0.459 

0.246 

0.040 

0.000 

0.000 

0.129 

0.307 

0.041 

0.067 

0.127 

*******    ttt**}** 

^ 

0.781 

0.641 

0.137 

0.000 

0.000 

0.732 

1.664 

0.162 

0.095 

0.156 

0.194          O.OOO 

UN 

0.155 

0.000 

0.000 

0.000 

0.000 

0.000 

0.003 

0.001 

0.038 

0.097 

o.isn   ******** 

iC-FT 

28.211 

14.650 

2.450 

0.000 

0.000 

7.932 

18.274 

2.521 

3.975 

7.803 

**t*t***(  ******** 

1)   Record  accuracy  affected  by  slltatlon  and  corrosion  of  weir  plate, 

worsening  throughout  year. 
*   Interpolated  value. 
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'  STATION  r/o?ni 

yATFR  YEAR  FROM  StPT  1980 

GAND  COULEE  COZK  MCAf 
TO  OCT  1  1981 

TRACY, 

T  m 

HT. 

R  05£    SEC 

19    MCA 

LAT    0    0    0 

N      LONG 

0    0    0  y 

Mr 

OCT 

MOV 

DfC 

JAN 

FEB 

MEAN  DISOMRGC.  CF1 
MR              APR 

HAY 

JUN 

JlU 

AllG 

scr 

1 

3 
4 
5 

ttttttttt 
ttttttttt 
ttttttttt 
ttttttttt 
ttttttttt 

ttttttttt 
ttttttttt 
ttttttttt 
ttttttttt 
ttttttttt 

0.000 

o.ooo 

0.000 
0.000 

o.ooo 

o.ooo 

0.000 

o.ooo 

0.000 

o.ooo 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 

o.ooo 
o.ooo 
o.ooo 

14.810 
14.176 
13.186 
11.286 
11.014 

1.857 
1.852t    ' 
1 .846t 
1.841t 
1.336t 

1.698t 
2    1.693t 
1.68;t 
1.602t 
1.677t 

1.544t 

;.539t 
1.534t 
1.5?flt 
1.523t 

l.385t 

1 , jnot 

1.375t 
1 , 3A9t 
1.364t 

1.195 
0.959 
0.929 
0.929 
0.942 

6 
7 

e 

9 
10 

ttttttttt 
ttttttttt 
ttttttttt 
ttttttttt 
ttttttttt 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 

o.ooo 

0.000 
0.000 
0.000 

0.000 

o.ooo 

0.000 

o.ooo 
o.ooo 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

14.050 

10.037 

9.070 

7.773 

6.760 

1.831t 
1.826t 
1.821t 
1.316t 
1.811t 

1.672t 
l..W7t 
].662t 
1.657t 
1.652t 

1.518t 
1.513t 
1.508t 
1.503t 
1.490t 

1 . 7.59t 
1.354t 
1.349t 
1.344t 
1.339t 

0.955 
0.942 
0.C28 
0.714 
0,663 

11 

12 
13 
14 
15 

ttttttttt 

uttttttt 
ttttttttt 
ttttttttt 
ttttttttt 

0.000 
0.000 
0.000 

o.ooo 

0.000 

o.ooo 

0.000 

o.ooo 
o.ooo 

0.000 

0.000 

o.ooo 
o.ooo 

0.000 
0.000 

o.ooo 

0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0,000 

o.ooo 

0.000 

6.669 
6.376 
5.572 
5.138 
5.009 

1.805t 
l.SOOt 

l.795t 
1.790t 
1.785» 

1.646t 
1.641t 
1.636t 
1.631t 
1.626t 

1.492t 
1.407t 
1.48?t 
l,477t 
1.472t 

1.333t 
1 . 3?8t 

1.323t 
l,318t 
1.3l3t 

0.651 
0.599 
0.572 
0.595 
0.579 

16 
17 
18 
19 
20 

ttttttttt 
ttttttttt 
ttttttttt 
ttttttttt 
ttttttttt 

0.000 

o.ooo 

0.000 

o.ooo 

0.000 

0.000 

o.ooo 
o.ooo 
o.ooo 

0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

o.ooo 

0.000 
0.000 

o.ooo 

0.000 

0.000 
0.000 
0.000 
0.000 
0,000 

4.657 
4.410 
3.917 
3.623 
3.750 

1 , 780t 
1.775t 
1.770t 
1.764t 
1.759t 

1.621t 
1.616t 
1.610t 
1.605t 
l,600t 

1.467t 
1.462t 
l,457t 
I.451t 
t.446t 

J , 308t 
1.30,1t 
1 , :98t 

l,.?9?t 
1 , 2G7t 

0.549 
0.499 
0.422 
0.391 
0.448 

21 
22 
23 
24 
25 

ttttttttt 
ttttttttt 
ttttttttt 
ttttttttt 
ttttttttt 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 

o.ooo 

0.000 

o.ooo 

0.000 
0.000 
0.000 
0.000 
0,000 

0.000 
0.000 

o.ooo 
o.ooo 

0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

4.607 
3.361 
2.883 
2.650 
2.523 

1.754t 
1.749t 
1.744t 
1.77,9t 
t.734t 

1.595t 
1.590t 
1.585t 
1.580t 
1.575t 

1.441t 
1.43At 
1.431t 
1.426t 
1.421t 

1.202 
1.122 
1.031 
1,015 
0.904 

0.178 
ttttttttt 
ttttttttt 
ttttttttt 
ttttttttt 

26 
27 

79 
30 
31 

ttttttttt 
ttttttttt 
ttttttttt 
ttttttttt 
ttttttttt 
ttttttttt 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 

o.ooo 

0.000 

o.ooo 

2.282 

1.879 

7.951 
16.109   1 
13.896 

2.672 
2.793 
2.424 

2.:tso 

2.056 
0.000 

1.7?8t 
1.72.Tt 
].718t 
1.713t 
1.700t 
1.703t 

l,569t 
I.564t 
1.559t 
1.554t 
l,549t 
0.000 

l,416t 
1.4l0t 
1.405t 
l,400t 
1.795t 
1.390t 

0.969 
0.9(^9 
0,955 
0.926 
1.040 
1.8,''4 

ttttttttt 
ttttttttt 
ttttttttt 
ttttttttt 
ttttttttt 
0.000 

TOTAL  tttttttt 
HEAM     tttttttt 

HAX            0.000 
HIN       tttttttt 
AC -FT  tttttttt 

ttttttttt 
tttttttt 

0.000 
0.000 

ttttttttt 

0.000 
0.000 
0.000 

o.ooo 

0.000 

0.000 
0.000 
0.000 

o.ooo 
o.ooo 

0.000 
0.000 
0.000 
0.000 
0.000 

42.117 
1.359 

16.109 
0.000 

83.539 

189.624 

6.321 

14.818 

2.056 

376.114 

55.173 
1.780 
1.8S7 
1.703 

109.434 

46.699 
1.623 
1.690 
1.549 

96.594 

45.472 
1.467 
1.544 
1.390 

90.193 

38.040 
1.253 
1.(124 
0.926 

77.037 

ttttttttt 
tttttttt 

1.195 
0.391 
ttttttttt 

1)  Weir  capacity  exceeded 

2)  Weir  washout,  no  record  from  5-2  through  8-20 
•    Interpolated  value 
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'  CTATIOM  C.F0?B2  SAMD  COULCf  CRICK  «£Aft  TRATr,  rtT. 

IWTFR  rCAR  TROfl  r.FPT  1981   TO  OCT  1  198?  T  m    R  05£     STL  IV    /lACA 


LAI     0    0    0  N      lOMC      0    0    0  tf 


MY 


OCT 


MOV 


ncc 


ttuittu  ttttttttt  ttttuttt 
tttttntt  uttiiiti  ttttttttt 
ttttnni  ittttttt?       0.130 
ntntttt  ttttttttt       o,i?6t 
ttttttttt  ttttttttt        0.12.(t 


JAM 

0.0?5t 
0.02:t 

o.oint 

0.014t 

o.ont 


O.OOOt 

o.ooot 

O.uCOl 

0.000 

0.000 


ftCAw  DinCfiAftcc.  err, 


NAr 


J'M 


M. 


AlTi 


SfP 


0.000  O.ooot  ttttttttt  ttttttttt  ttttttttt  ttttttttt  ttttttttt 

O.OOC  o.ooot  ttttttttt  ttttttttt  ttttttttt  ttttttttt  ttttttttt 

O.OOO  o.ooot  ttttttttt  ttttttttt  ttttttttt  ttttttttt  ttttttttt 

O.OOO  o.ooot  ttttttttt  ttttttttt  ttttttttt  tttitittt  ttttttttt 

0.000  o.ooot  ttttttttt  ttttttttt  ttttttttt  ttttttiii  ttttttttt 


c  ttttttttt  ttttttttt  0.1 19t  0.007t  C.OOO  0.000 

7  ttttttttt  ttttttttt  O.lUt  0,004t  O.OOO  0.000 

G  ttttttttt  ttttttttt  0.n2t  0.000  C.OOO  0.000 

7  ttttttttt  ttttttttt  o.ioet  o.ooot  n.ooo  o.oos 

10  ttttttttt  ttttttttt  0,105t  o.ooot  0.000  0.01? 


O.CCOt  ttttttttt  ttttttttt  ttttttttr  ttttttttt  ttttrtttt 

o.ooot  ttttttttt  ttttttttt   ttttttttt  titiunt  ttttttttt 

o.ooot  ttttttttt  tttttttu  ttttttttt  ttttttttt  rtttttttt 

o.ooot  ttttttttt  ttttttttt  ttttttttt  tttitttit  ttttttttt 

0.000  ttttttttt  ttttttttt  ttttttttt  ttttttttt  ttttttttt 


11  ttttttttt  ttttttttt  O.lOlt  Ci.OOOt  0.000  0.000 

12  ttttttttt  ttttttttt  0.07f;t  o.ooot  0.000  0.000 
1.1  ttttttttt  ttttttttt  0.094t  o.ooot  0,000  0.000 
H  ttttttttt  ttttttttt  0.090t  o.ooot  10.130  0.000 
15  ttttttttt  ttttttttt  0.087t  o.ooot  23.052^  0.000 


0.204  ttttttttt   ttttttttt  ttttttttt  ittttiMt  tiitiittt 

15.99?  Utttttttt  ttttttttt  ttttttttt  tttttitii  ttttttttt 

(i,7').l2ttttttttt  ttttttttt   ttttttttt  ttittJttj  tittittit 

1.770  ttttttttt  ttttttttt  ttttttttt  ttttttttt  ttttttttt 

0.331  ttttttttt  ttttttttt  ttttttttt  tttitutt  litttltti 


16  ttttttttt  ttttttttt  0.OR3t  O.ooot  17,8721  0.000 

17  ttttttttt  ttttttttt  0.030t  O.ooot  11.432  0.000 

18  ttttttttt  ttttttttt  0.07&t  O.ooot  3.217  0,000 

19  ttttttttt  ttttttttt  0.072t  O.ooot  3,466  0.000 

20  ttttttttt  ttttttttt  0.069t  O.ooot  1.195  O.OOOt 


0.05^  ttttttttt  ttttttttt  ttttttttt  ttttttttt  tttttltii 

0,017  ttttttttt  ttttttttt  ttttttttt  ttttttttt  ttitt:tt( 

0,000  ttttttttt  ttttttttt  ttttttttt  ttttttttt  ttttttttt 

ttttttttt  ttttttttt  ttttttttt  ttttttttt  tttitttti  ttttttttt 

ttttttttt   ttttttttt  ttttttttt  ttttttttt  tttttttii  rtttttttt 


21  ttttttttt  ttttttttt  0.065t  O.ooot  0.000 

22  ttttttttt  ttttttttt  0.061t  O.ooot  0,000 

23  ttttttttt  ttttttttt  O.OSnt  O.ooot  0.000 

24  ttttttttt  ttttttttt  0.0S4t  O.ooot  0.000 

25  tttttttii  ttttttttt  O.OSlt  O.ooot  0.000 


O.ooot  ttttttttt  ttttttttt  ttttttttt  tttttttn  tittttttr  ttttttttt 

0.000  ttttttttt  ttttttttt  ttttttttt  ttttttttt  ttttttttt  ttttttttt 
O.ooot  ttttttttt  ttttttttt  ttttttttt  itttttitt  tttttttii  ttttttttt 

o,o<iot  ttttttttt  ttttttttt  ttttttttt  ttttttttt  ttttttttt  t'lirittt 

o.ooot  ttttttttt  ttttttttt  ttttttttt  ttttttttt  tittlttti  ttttttttt 


26  ttttttttt  ttttttttt  0.047t  O.ooot  0.000 

27  ttitttttt  ttttttttt  0.043t  O.ooot  0,000 

2r  ttttttttt  ttttttttt  o,040t  o.ooot  0.000 

2?  tlltttltl  ttttttttt  0,036t  O.ooot  0.000 

30  ttttttttt  ttttttttt  0.033t  O.ooot  0.000 

31  ttttttttt    0.000  0.029t  O.ooot  0.000 


O.ooot  ttttttttt  ttttttttt  ttttttttt  ttttttttt  tititttK  ttttttttt 

o.ooot  ttttttttt  ttttttttt  ttttttttt  ttttttttt  tttttttii  utttitit 

o.ooot  ttttttttt  ttttttttt  ttttttttt  ttttttttt  ttttttttt  ttttttttt 

o.ooot  ttttttttt  ttttttttt  ttttttttt   tttttftti  ttltiiiii  ttttttttt 

o.ooot  ttttttttt  ttttttttt  ttttttttt  ttttttttt  iftriiitt  ttttttttt 


O.ooot   0.000  ttttttttt    O.OO''-  ttttttttt  ttitttttt 


.-.no 


TOTAL  tttttttt  tttttttt     ttttttttt        O.lOt         75.771  O.OU  ttttttttt  tttttttt  tttttttt     tttttttt     ttrtttti     ttttttll 

hiMt     tttttttt  tttttttt     tttttttt          0.003          2.690  O.OOl  tttttttt     tttttttt  tttttttt     tttttttt     tttttttt     iiiittn 

MAX           0,000  0,000          O.l.W         0.025        2fl.052  0.01?  15.995          0,000  0.000          0.0<^f          ',■.•' 

H\H       tttttttt  tttttttt          0.079          0.000          0.000  0.000  0.000     tttttttt  tttttttt     tttttttt     ittttn.*     lunfn 

AC  FT  tttttttt  tttttttt     ttttttttt        0.201       149.397  0.072  ttttttttt  tttttttt  tttttttt     tttttttt     tttttttt     tittttti 

1)  Weir   capacity  exceeded. 

2)  Weir  washout    A-12,    flow  not   measured   accurately  afterwards. 
*  Interpolated  value. 
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0.219 
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13.120* 

1.07'' 

T 
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5 
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0.000 
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47.075* 

29,204* 

10,737* 

O.0«4 

0 
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0.000 
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0.000 

24.7,76 
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7 
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0.000 

23.412> 
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0.000 
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27.41  ■< 
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"" 

9 

0.060 

0.186 

0.000 

0.000 

0.000 

0.000 

.^1.4n3» 

16.462 

44.692* 

.■'6.021> 

.     1 

10 

C.iOf. 

0.188 

0.000 

0.000 

0.000 

0,000 

20,518* 

11.437 

14.096* 

2.'>.22f.t 

11 

0.136 

0.204 
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0.000 

19.r)54» 

11,194 

13.501* 
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0..n5 
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0.000 

0,000 
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25.034* 
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0..SO6 
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17 

0.900 

0.057 

0.000 

0.000 

0.000 

0,000 
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20 
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0.5f^ 
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37.544* 

19.673* 

!.?0.i 

i-.5\' 

2? 
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0.000 

t;.944» 

55.415*  1 

76.940* 

19.077* 

t.)04 
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0.000 
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7,930* 

54,019*  1 

.16.352* 

10.481* 
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,■     tr  - 
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0.27P 
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0.000 

7,fu5* 
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53.620*  1 
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I  '.036* 

25 
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6.051* 
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17.290* 
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V  •  ti  J  J 
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74.565* 

1,^,694* 
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32.770* 

14.907J 
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2.(S06 
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ti 

ft.  21* 
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0.000 
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3.603 

15.306 
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22.651 
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0.241 

0.000 

0.000 

0.000 

37,557 

35.166 

56.010 

49.450 

31.507 
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2.191 
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5.72) 

0.000 

0,000 

0.000 

221.543 

910.743 

1001.713    2 

420.960 
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,.71}  tttttutt 
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C.72?t 
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C.532I 
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0.5041 
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1 , 7/„',t 
1 . 7,',4t 
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1.7iot  titttttti  ticiiu) 
1,707*  tititttir  itttntt* 
1,705*  tl;i:iut  inttitt} 
t,703t  iMXiiii  ititiitti 
1,701*  ttOtiiti  iioiUtt 


2i. 
27 
2€ 
29 
3C 
31 


C.A41t 
0..S34* 
C.A27* 
0.A2C* 
C.A13« 
C,A07* 


C.430*        C.138*        COCO*        C.COO*        C.OOO* 


0.423* 
0.4U* 
C.409* 
C.402* 
0.000 


0.127* 
iM17* 
0.106* 
C.C95* 
0.C85* 


0,000* 
COOC* 
C.OOO* 
C.OOO* 
0.000* 


O.COC* 

C.COC* 

C.OOO 

O.COC 

COCO 


0.000 
C25A 

i  §  f  /  %j 

1.137 
0,C2 


l,.«!fi3* 
1,881* 
1,879* 
1.B7,'* 

C.OOO 


l.S2?t  i,7,'.r*  :.A97}  tiiittnr  jtiutttt 

1.820*  :.75."i  1,A97|  nmjxn  ittixttt) 

;.8iS*  i..7b6t  '..(fit  Uttttttt  iMtttttt 

:.;n6*  1.754*  i.69:a  tttttttt}  tattttti 

1.S14*  :.75;-*  I. .'.71*  ittiiittt  t*t*tt**( 

1,312*  cooo  ;,5ft7t  tuiitin       ^^.oi" 


17,774  15,032  7.553  0.297  C.COO  3,793  Si. ''05  57.114  53.429 

0..S3C  0..5C1  0,.''44  0.010  0.000  C1J2  2.724  1.842  1.731 

0.7.3<.  O.ACO  0.396  0.C74  C.OOC  1,778  23.283  l..<!/3  I.SlO 

0,513  0.402  0.035  COCO  COCO  0.000  0.000  l.Sl."'  1.752 

39. ,■•21  29.815  14,9.'51  C.5C9  C.COO  7.5L'3  162. C.'.C  113. ,''83  1C5.775 


53,307  tStttKU  ITIIMM 

1.720  tiJMui  jnaiJ 
1,7N0        !.,'.fl7        :.^r,: 

1.63'?         I..V5:  ****»tii 

:C5,733  ttttttttt  tttttlti 


1)  Recorder  Inoperable  2-6  through  3-21. 

2)  Weir  washout  occured  ^-12,  parti.nl  flow  measurement  only. 
*    Tnt  !•  run!  .It  o(l  v.nliic. 
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APPENDIX  E 
PROPOSED  AMD  MITIGATION  ALTERNATIVES 

The  MBMG  proposed  5  alternative  acid  mine  drainage  treatment 
neasures  for  field  testing  to  the  Montana  Department  of  State  Lands  in 
March,  1983.   A  description  of  the  theory  and  proposed  tests  of  each 
alternative  are  contained  in  this  appendix. 

E.l   State-of-the-Art  in  AMD  Control 

Lime  and  limestone  treatment  of  acid  mine  drainage  is  a  proven 
mitigation  technique  (Kim,  et  al. ,  1982;  Bituminous  Coal  Research 
Institute,  1971;  Hydrometrics ,  1982).   While  lime  (Ca(OH)  )  is  more 
effective  at  neutralization  per  unit  weight  than  limestone,  several 
factors  favor  usage  of  limestone  in  crushed  or  pulverized  form, 
including  low  cost  per  unit  neutralization,  local  availability,  fewer 
safety  problems  in  handling  a  less  reactive  reagent,  lower  potential 
for  harmful  effects  on  the  body  of  water  receiving  the  effluent  and 
denser  sludge.   Dlebold  (1975)  found  that  one-inch  crushed  limestone 
fragments  provided  effective  neutralization  of  iron  and  copper  loads  in 
Montana  acid  mine  drainage  at  Hughesville,  but  not  of  manganese,  zinc 
and  cadmium.   Even  If  centralized  neutralization  facilities  are 
effective,  they  require  significant  capital  and  maintenance  Investments 
and  are  not  easily  adaptable  to  treatment  of  a  number  of  polluting 
mines  over  a  wide  area  without  a  sophisticated  collection  system,  such 
as  is  the  case  at  Sand  Coulee.   In  addition,  such  facilities  must  be 
operated  continuously,  under  a  variety  of  discharge  and  climatic  condi- 
tions. 

E-1 


Centralized  lime  neutralization  facilities  produce  large 
quantities  of  amorphous  sludge  which  present  major  handling  and 
disposal  problems.   Large  neutralization  facilities  are  operated 
successfully,  however,  in  areas  where  active  mining  is  ongoing,  and 
trained  personnel  and  equipment  are  available.   The  lack  of  mining 
operations  and  dispersed  nature  of  AMD  sources  in  the  Sand  Coulee  area 
are  a  major  impediment  to  centralized  neutralization. 

Hydrometrics  (1982)  list  22  effluent  treatment  techniques  for  AMD 
control  at  Sand  Coulee.   They  rule  out  all  but  three  for  various 
reasons:   streamflow  regulation,  evaporation  ponds  and  neutralization 
facilities.   They  list  17  mine  manipulation  techniques,  three  of  which 
were  designated  as  being  potentially  applicable:   dam  and  flooding, 
hydraulic  seals  and  seals  using  mine  backfill.   Eight  hydrologic  system 
control  methods  were  listed,  two  of  which  were  deemed  potentially 
applicable:   overburden  water  removal  by  wells  and  vegetative  evapo- 
transpiration. 

Hydrometrics  gave  a  qualitative  rating  of  the  potentially 
applicable  methods  to  10  acid  discharges  in  the  Stockett-Sand  Coulee 
area.   The  highest  rating  of  any  technique  was  "fair",  given  to  dam  and 
flooding  of  the  AS04  adit  (Brown  Mine).   Most  ratings  of  success  were 
poor,  undetermined,  no  potential  or  variable.   Overburden  water  removal 
methods  were  rated  as  poor  for  all  sources,  due  to  inadequate  informa- 
tion on  the  aquifers  involved  and  potentially  large  costs  associated 
with  well  installation,  maintenance,  water  pumping  and  piping.   Evapo- 
transpirational  controls  were  rated  poor  or  variable  for  various  AMD 
sources,  primarily  due  to  insufficient  Information  on  recharge  areas 
and  no  previous  documentation  of  this  technique  for  AMD  control. 
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The  U.S.  Bureau  of  Mines  (IClm,  et  al.,  1982)  has  recently  assessed 
the  long-term  success  of  various  acid  mine  drainage  treatments.   Their 
recent  Inspections  of  wet,  dry  and  hydraulic  and/or  bulkhead  seals  con- 
structed over  10  years  ago  In  West  Virginia,  revealed  failures  of  5 
clay  seals  and  continued  discharge  of  acid  water  to  a  receiving  stream. 
They  Indicated  that  mine  sealing  and  flooding  of  43,000  acres  of  old 
coal  mines  in  Pennsylvania  which  are  below  the  local  drainage  eleva- 
tion, began  over  30  years  ago  and  that  the  water  In  some  mine  pools  Is 
now  slightly  alkaline.   However,  they  state  that  in  deep  mines  above 
the  drainage  elevation,  "flooding  is  generally  ineffective  owing  to 
seepage  through  fractures  and  the  tendency  of  the  water  to  migrate  to 
other  discharge  points."   The  latter  situation  is  the  predominate  case 
in  the  Stockett-Sand  Coulee  coal  field. 

The  U.S.  Bureau  of  Mines  study  briefly  mentioned  that  overburden 
dewaterlng  methods  in  the  eastern  U.S.  have  had  limited  success  but  are 
highly  dependent  on  favorable  hydrogeologlc  conditions.   They  made  no 
reference  to  evapotranspiratlonal  control  methods  as  a  means  of 
reducing  infiltration  to  mines. 

Results  of  this  investigation  generally  support  the  findings  of 
the  previous  studies.   Mine  sealing  is  one  control  technique  which  has 
been  attempted  in  the  Stockett  vicinity.   In  one  case,  near  the  Glffen 
mine,  sealing  was  performed  successfully,  but  within  a  few  months  after 
sealing,  a  small  seep  had  developed  in  the  center  of  a  nearby  tract  of 
agricultural  land.   Within  a  year,  the  seep  had  developed  Into  a  large 
marshy  area  discharging  a  flow  reportedly  not  greatly  different  than 
that  of  the  original  spring.   Because  of  the  unpredictability  of  the 
effects  of  such  sealing  efforts,  a  number  of  local  residents  are 
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opposed  to  its  use,  as  Indicated  by  the  results  of  the  resident 
questionnaire  carried  out  by  Hydrometrics  (1982). 

E.2  Infiltration  Control  by  Intensive  Cropping  Methods 
Planting  of  water-consumptive  crops  such  as  alfalfa,  sanfoin  and 
safflower  and  the  use  of  continuous  cropping  rotations  has  been  shown 
to  be  effective  in  limiting  the  amount  of  infiltration  allowed  to 
recharge  shallow  saline-seep  ground-water  systems  (Miller  et  al. , 
1981).   It  is  conceivable  that  application  of  such  cropping  practices 
could  reduce  infiltration  to  mine  adits  that  cause  acid  discharge. 
Saline-seep  research  has  demonstrated  that  alfalfa  sends  roots  to 
depths  of  15  feet  or  more,  utilizing  18  in.  of  water  annually,  whereas 
cereal  grains  root  to  only  several  feet  and  utilize  7  to  8  in.  of  water 
annually.   Recropping  of  cereal  grains  when  soil  moisture  permits  will 
almost  double  the  evapotranspirational  water  use  over  the  former  2-year 
crop-fallow  system  (Brown  and  Miller,  1978). 

A  drawback  with  this  approach  is  that  some  of  the  recharge  to 
ground  water  occurs  in  the  late  winter  (during  snowmelt)  or  during 
spring  rains,  when  most  crops  are  not  consuming  large  amounts  of  water 
and  when  direct  evaporation  is  minimal.   The  soils  on  the  benches  are 
thin  and  permeable,  so  that  soil  moisture  may  not  be  retained  long 
enough  for  it  to  be  consumed  by  crops  in  the  summer  months.   However, 
in  this  area  intensive  cropping  will  decrease  the  volume  of  excess 
infiltration  to  some  extent,  even  if  it  does  not  eliminate  it  entirely. 
Other  infiltration  control  methods,  such  as  draining  of  leaky  upland 
stock  ponds  or  ephemeral  natural  potholes,  may  reduce  infiltration  sub- 
stantially and  should  be  considered. 
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Efforts  to  reduce  Infiltration  by  Intensifying  agriculture,  would 
have  to  be  monitored  via  observation  wells  In  the  Kootenai  aquifer  and 
■easurement  of  AMD  discharge  for  a  number  of  years  after  implementa- 
tion, before  the  degree  of  their  success  could  be  evaluated.   Full  root 
development  and  water  use  by  alfalfa,  for  example,  does  not  occur  until 
the  third  year  after  planting. 

Acid  discharge  sources  fed  primarily  by  local  recharge  areas 
currently  in  a  crop-fallow  rotation  are  the  best  candidates  for  testing 
this  infiltration  control  method.   Such  areas  include  the  cultivated 
benches  above  ASOl,  AS02,  AS06,  AS07 ,  CSOl  and  CS02. 

Effective  Implementation  of  cropping  system  charges  for  control  of 
dryland  saline  seep  has  been  shown  to  require  technical  assistance  to 
the  farmers  involved  (Dodge  et  al.,  In  press).   Long  term  adoption  of 
intensive  farming  practices  in  the  study  area  must  prove  to  be  prac- 
tical and  economical  if  wholesale  reliance  on  subsidies  is  to  be 
avoided. 

E.3  Horizontal  Wells  and  Connector  Wells 

Installation  and  pumping  of  standard  vertical  wells  to  dewater  the 
Kootenai  aquifer,  which  is  contributing  leakage  to  abandoned  mines,  is 
a  potential  mitigation  measure.   However,  the  continued  costs  of 
pumping  and  maintenance  appear  to  make  this  an  undesirable  and 
expensive  alternative. 

It  is  possible  to  take  advantage  of,  or  create,  favorable 
differences  in  hydraulic  head  within  wells,  to  gravity  drain  water  from 
one  aquifer  to  another  or  to  the  surface.   The  two  well  designs 
possible  for  use  in  dewatering  the  Kootenai  aquifer  are  the  connector 
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well  and  the  horizontal  well.   The  connector  well  would  drain  ground 
water  from  the  basal  Kootenai  sandstone  aquifer  to  the  Madison  group 
limestone  which  has  a  lower  head,  thereby  preventing  that  water  from 
draining  into  old  mines  and  becoming  acidized.   The  horizontal  well 
would  be  drilled  from  a  coulee  into  the  basal  Kootenai  sandstone,  just 
upgradient  from  old  mine  workings,  and  allow  ground  water  to  drain  to 
the  coulee  before  it  leaks  into  the  mines. 

Connector  wells  have  been  used  to  dewater  shallow  aquifers  in 
mining  applications.   A  recent  U.S.  Geological  Survey  publication 
(Bush,  1983)  describes  the  successful  test  of  one  connector  well  to 
recharge  50  gpm  under  gravity  flow  from  a  shallow  sand  aquifer  to  the 
underlying  Floridan  Limestone  aquifer  in  central  Florida.   There  is 
limited  evidence  to  suggest  that  some  domestic  wells  in  the  Stockett- 
Sand  Coulee  area  may  act  as  connector  wells.   A  drillers  log  on  a 
private  well  in  T.  19  N. ,  R.  4  E. ,  sec.  23,  indicates  that  ground  water 
was  encountered  in  the  basal  Kootenai  sandstone,  but  that  drilling  con- 
tinued 356  feet  into  the  Madison  limestone  where  a  cavity  was  encoun- 
tered.  The  total  well  depth  was  586  feet,  71  feet  below  the  cavity 
level  and  the  well  was  uncased  below  20  feet.   The  reported  static 
water  level  was  515  feet  below  ground  surface,  just  at  the  level  at  the 
bottom  of  the  cavity.   Ground  water  from  the  Kootenai  aquifer  may  flow 
down  the  well  bore  to  the  level  of  the  cavity  in  the  Madison.   The 
instances  of  contaminated  Madison  wells  mentioned  in  section  2.2.5.1 
also  illustrates  the  connector  well  principle.   If  applied  to  the  AMD 
problem,  the  connector  wells  would  inject  fresh  Kootenai  water  into  the 
Madison  group  limestone. 

Horizontal  drainage  wells  have  been  most  frequently  used  in 
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dewacering  of  mining  headwalls  and  highway  road  cuts.   In  the 
Scocketc-Sand  Coulee  area,  horizontal  wells  could  be  drilled  into  Che 
sides  of  coulees  upgradient  from  existing  AMD  sources  as  a  test  of  this 
technique.   Their  obvious  advantage  is  the  use  of  gravity  drainage  and 
the  elimination  of  long-term  pumpage  requirements.   Secondarily,  the 
water  removed  through  drainage  would  be  typical  alkaline  Kootenai  water 
and  with  a  minimum  of  conveyance  would  be  available  for  dilution  of 
other  AMD  water  in  the  receiving  stream. 

Favorable  sites  for  horizontal  well  tests  include  several  acid 
springs  and  mine  discharges  near  Sand  Coulee  such  as  ASOl,  AS04,  AS09 , 
CSOl  and  CS02.   The  configurations  of  these  coulees  and  predominantly 
local  recharge  sources  create  apparently  favorable  conditions  for 
intercepting  a  sizeable  portion  of  the  ground-water  flow  field  reaching 
the  old  mine  workings. 

The  drilling  distances  would  be  variable,  depending  on  the  test 
site  chosen  and  the  quantities  of  water  intercepted  as  the  drilling 
progresses.   It  is  estimated  that  a  500-1000  ft.  hole  would  be  attemp- 
ted initially.   The  yield  of  a  horizontal  drainage  well  in  the  basal 
Kootenai  sandstone  is  problematical,  very  much  dependent  on  the 
quantity  of  saturated  fractures  encountered. 

Vertical  test  wells  would  be  drilled  on  the  benches  above  these 
adits  to  the  Morrison  coal  bed  along  the  projected  axis  of  the 
horizontal  well.   This  will  help  confirm  the  extent  of  the  old  mine 
workings  and  provide  elevation  control  on  the  basal  Kootenai  sandstone 
prior  to  drilling  the  horizontal  wells. 

The  effectiveness  of  the  horizontal  wells  in  AMD  control  would  be 
determined  by  measuring  the  discharge  from  the  two  adits  with  flumes  or 
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weirs  fitted  with  continuous  recorders,  both  before  and  after  operation 
of  the  drainage  wells.   The  drainage  well  discharge  would  be  measured 
continuously  with  recording  flowmeters  or  flumes.   Both  adit  and 
drainage  well  disharge  would  be  sampled  for  water  quality  analyses 
during  the  flow  tests. 

E.A  Subsurface  Injection  of  AMD 

A  potential  AMD  disposal  and  neutralization  method  may  be  gravity 
injection  into  the  Madison  limestone.   The  effectiveness  and  impacts  of 
injection  could  be  assessed  with  controlled  field  tests.   The  objec- 
tives of  the  tests  would  be  to  determine  the  effectiveness  of  AMD  neu- 
tralization, porosity — permeability  changes  due  to  injection,  extent  of 
metal  precipitation,  and  water  quality  impacts  of  AMD  injection  on  the 
Madison  aquifer. 

Acid  mine  drainage  leakage  into  the  Madison  aquifer  is  already 
occurring  throughout  the  Stockett-Sand  Coulee  area  in  an  uncontrolled 
fashion.   There  are  several  cases  of  Madison  ground-water  contamination 
reported  by  landowners  and  at  least  four  additional  suspected  cases 
based  on  MBMG  water  quality  data.   AMD  disharge  in  Sand  Coulee,  Number 
Five  Coulee,  Cottonwood  Creek  and  Straight  Creek  is  known  to  be  lost  to 
subsurface  seepage,  contaminating  alluvial  ground  waters  and  probably 
the  Madison  as  well.   The  results  of  controlled  AMD  injection  tests 
would  indicate  whether  such  a  procedure  is  preferable  to  uncontrolled 
leakage  to  several  aquifers  along  the  entire  drainage  network. 

However,  there  is  reason  to  question  the  applicability  of  such  an 
injection  program.   As  acid  mine  water  is  discharged  into  partially 
saturated  zones  of  cavernous  porosity  in  the  Madison,  several  processes 
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will  cake  place  concurrently.   If  undiluted  acid  water  comes  in  direct 
contact  with  llisestone  In  the  unsaturated  portion  of  the  Madison,  It 
will  tend  to  dissolve  carbonates  and  may  enhance  porosity.   As  the  pH 
rises  above  A. 5,  both  Iron  and  aluminum  will  rapidly  precipitate  from 
solution  as  Insoluble,  amorphous  hydroxides.   As  it  reaches  the  satu- 
rated portion  of  the  Madison,  it  may  have  little  or  no  remaining 
acidity;  what  acidity  remains  will  be  buffered  by  the  alkalinity  of  the 
Madison  water,  causing  complete  precipitation  of  the  metal  load  down  to 
the  solubility  of  controlling  metal  hydroxide  or  carbonate  species. 

The  major  obstacle  to  the  successful  operation  of  such  an 
injection  well  system  would  probably  be  the  ability  of  the  aquifer  and 
well  to  resist  becoming  clogged  with  metal  hydroxide  precipitation 
products.   Mines  in  the  Sand  Coulee  area,  those  of  poorest  quality  in 
the  region,  typically  range  from  600-1600  mg/L  total  dissolved  metals, 
primarily  Iron  and  aluminum  with  much  lesser  quantities  (<50  mg/L  Zn, 
<10  mg/L  Ni ,  Cu,  Mo)  of  other  metals.   Assuming  an  average  annual 
discharge  of  40  gpm  (2.5  liters  per  second  (1/s))  for  a  hypothetical 
spring  of  typical  water  quality  and  metal  load  (TDS  =  5000  mg/L;  metals 
"■1.1  grams/L)  ,  and  assuming  a  mean  density  of  3.0  g/cc  for  the  metal 

precipitate  (gibbsite  -  2.4;  ferric  hydroxide  -  3.3-4.3,  depending  on 

3 
hydration),  a  total  volume  of  1024  ft  /year  will  precipitate  from  solu- 
tion In  the  subsurface  if  the  total  discharge  were  to  be  injected  into 

the  Madison.   Assuming  a  void  ratio  of  100  percent  in  this  precipitate, 

3 
approximately  1766  ft  /year  would  precipitate  from  injection  water  of 

just  one  spring.   Such  volumes  could  potentially  clog  even  a  large  zone 

of  cavernous  porosity  in  the  Madison  over  the  period  of  a  few  years. 

However,  there  are  some  factors  which  would  support  the  feasibll- 
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Ity  of  Injection.   First  of  all,  the  water  would  most  likely  be 
injected  into  the  upper  Madison  which  is  partially  unsaturated,  and 
before  it  reaches  the  water  table  it  may  dissolve  a  significant  volume 
of  carbonates  due  to  the  water's  high  acidity,  enhancing  porosity  and 
permeability.   Secondly,  our  results  indicate  that  acid  streamflow  is 
probably  currently  leaking  into  the  underlying  Madison  in  the  Sand 
Coulee-Stockett  area.   Therefore,  the  injection  concept  may  prove  prac- 
tical, provided  that  zones  of  cavernous  porosity  are  present  in  the 
Madison  to  accommodate  the  anticipated  metal  load. 

Certainly,  however,  the  water  quality  impacts  of  such  injection 
would  have  to  be  predicted  and  evaluated.   Acid  water  injected  into  the 
aquifer  would  become  neutralized  with  respect  to  metals  and  acidity. 

The  Madison  aquifer  may,  however,  be  degraded  by  the  higher  sulfate 

2+ 
levels  (2000-8000  mg/L)  in  the  acid  water,  or  by  an  increase  in  Ca 

2+ 
and  Mg   concentrations  due  to  carbonate  and  dolomite  dissolution. 

Many  Stockett-Sand  Coulee  residents  have  abandoned  alluvial  wells 

for  deeper  Madison  aquifer  wells.   Any  acid  water  injection  proposal 

would  have  to  be  sanctioned  by  residents  and  carefully  monitored  to 

determine  overall  impacts.   We  have  proposed  one  possible  approach  to 

conducting  controlled  field  tests  and  evaluation  of  the  injection 

technique. 

I 
Initial  well  drilling,  logging  and  testing  would  be  conducted  to  I- 

locate  a  favorable  site.   The  vertical  gradient  must  be  downward,  and 

there  should  be  some  initial  solution  or  cavernous  permeability  in  the 

upper  unsaturated  Madison  group  limestone. 

An  initial  10-day  injection  test  would  be  run.   Following  a 

favorable  evaluation  of  the  first  test,  a  second  100-day  test  would  be 
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conducted.   Water  quality  analyses  of  the  observation  wells,  Injection 
well  and  oilne  discharge  would  be  made  three  or  more  times  throughout 
the  tests.   Field  pH,  S.C.  and  alkalinity  measurements  would  be  made 
frequently.   Continuous  water  level  data  would  be  collected  throughout 
the  test  periods.   The  nearest  private  Madison  well  would  be  sampled 
before  and  after  the  test  periods. 

Following  the  tests,  geophysical  logs  would  be  run  again  on  the 
Injection  well  and  observation  well  changes  in  porosity  and 
permeability  caused  by  metal  hydroxide  deposition  and  carbonate 
dissolution.   Aquifer  pumping  tests  or  slug  tests  would  be  re-run  to 
determine  permeability  changes.   Two  new  wells  would  be  drilled  to 
determine  the  extent  of  metal  deposition  and  obtain  samples. 

The  results  of  field  sampling  would  be  used  as  input  to  hydro- 
chemical  modeling  of  the  injection  test.   Analytical  calculations  and 
computer  modeling  would  be  employed  to  estimate  the  mechanisms  and  rate 
of  acid  neutralization  and  metal  precipitation  over  time.   The  extent 
of  porosity,  permeability  and  water  quality  effects  on  the  Madison 
aquifer  would  be  evaluated.   Recommendations  regarding  the  long-term 
hydrogeologic  feasibility  and  impacts  of  AMD  injection  to  the  Madison 
Group  rocks  would  be  made. 

E.5  Flyash  Neutralization 

Flyash  residue  from  coal-fired  electric  power  plants  is  rich  in 
calcium  and  has  been  tested  and  found  to  be  effective  in  neutralizing 
pyrite  induced  acidity.   Sonderegger  and  Donovan  (1982)  conducted  acid 
titration  and  batch  leach  laboratory  experiments  with  various  mixtures 
of  flyash  and  pyrite  mine  tailings  and  found  that  flyash  has  both 
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short-term  and  long-term  buffering  capacity.   A  one  to  ten,  flyash  to 
tailings  mixture,  was  estimated  to  maintain  a  buffering  capacity 
exceeding  100  years.   Iron  mobility  in  column  leach  tests  vd.th  flyash 
was  reduced  by  up  to  three  orders  of  magnitude. 

It  is  believed  that  small  volumes  of  acid  mine  drainage  water 
could  be  effectively  neutralized  by  short-term  retention  and  mixing 
with  flyash  in  a  small  pit.   An  investigation  would  be  needed  to  test 
the  effectiveness  and  maintenance  requirements  of  small  flyash  pits  as 
a  means  to  neutralize  the  numerous  small  acid  water  discharges  in  the 

Stockett-Sand  Coulee  area. 

3 
Pits  of  about  200  ft  in  size  would  be  excavated  and  filled  with 

flyash.   Acid  inflows  would  be  injected  through  the  bottom  of  pits, 
where  neutralization  occurs  prior  to  being  discharged  from  the  top  of 
the  downstream  side  of  the  pit.   Water  quality  sampling  and  field 
testing  of  pH,  S.C.  and  alkalinity  of  inflows  and  outflows  would  be 
done  to  document  the  rate  of  neutralization,  bulk  neturallzation  capa- 
city of  the  flyash  in  the  pit  and  affects  on  overall  water  chemistry 
and  metals  concentrations.   The  pit  would  be  profiled  afterwards,  and 
maintenance  and  operation  feasibility  assessed. 

E.6  Kootenai  Water  Neutralization 

A  simple  and  possibly  effective  AMD  neutralization  technique  would 
be  to  mix  alkaline  ground  water  from  the  Kootenai  aquifer  with  small 
volumes  of  acid  mine  drainage  water.   The  mixing  would  occur  in  a  pit 
where  metals  would  be  allowed  to  precipitate  prior  to  discharge  of  the 
effluent. 

Typical  ground  water  from  the  lower  Kootenai  formation  has  an 
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alkalinity  of  200  to  350  mg/1  as  CaCO..   Assuming  a  mix  of  2500  mg/1 
(as  CaCO.)  acid  mine  water,  a  10:1  volumetric  ratio  of  Kootenai  to  AMI) 
water  is  required  theoretically  to  achieve  neutralization. 

A  several  month  test  would  be  conducted  to  evaluate  the 
effectiveness  and  field  procedures  associated  with  utilization  of 
Kootenai  ground  water  in  neutralizing  acid  mine  drainage  in  the  Sand 
Coulee  area. 

Water  quality  samples  and  field  pH,  S.C.  and  alkalinity  data  would 
be  collected  at  inflows  and  outflows  to  document  the  effectiveness  of 
the  technique. 

The  flyash  and  Kootenai  ground-water  neutralization  experiments 
would  be  conducted  with  the  purpose  of  determining  the  minimal  field 
installation  required  for  non-mechanical  but  effective  treatment  of  the 
numerous  small  and  ephemeral  acid  seeps  in  the  study  area.   Such  an 
alternative  could  be  adopted  by  individual  residents  at  low  cost  to 
assist  regional  AMD  clean  up  efforts. 

E.7  Treatments  in  Combination 

There  will  probably  never  be  a  single  mitigation  technique 
feasible  for  controlling  all  acid  mine  drainages.   Once  implementation 
and  testing  of  the  previously  discussed  techniques  on  an  individual 
basis  is  completed,  various  combinations  may  enhance  AMD  control. 

If  the  head  and  permeability  characteristics  of  the  basal  Kootenai 
sandstone  aquifer  prove  conducive  for  horizontal  wells,  this  technique 
could  be  combined  with  mine  flooding  and  bulkheading.   The  two  treat- 
ments could  complement  each  other.   The  horizontal  well  will  provide  a 
hydraulic  pressure  release  mechanism,  maintaining  hydrodynamic  equilib- 
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rtum  and  helping  prevent  unplanned  seepage.   The  flooding  will  slow 
acid  producing  reactions  in  the  old  mines  and  may  increase  head  In  the 
overlying  sandstone,  thereby  improving  yields  from  the  horizontal  well 
at  the  expense  of  mine  flow.   The  discharge  of  alkaline  ground  water 
from  a  horizontal  well  may  provide  an  opportunity  to  neutralize  the 
remaining  acid  flow  in  a  pit  below  the  source  as  indicated  In  the 
previous  section. 

Reductions  in  acid  mine  baseflows  and  total  volume  from  intensive 
farming  methods  in  recharge  areas  may  allow  installation  of  retention 
ponds  or  neturalization  pits  (using  flyash  or  limestone)  to  treat  the 
remaining  acid  flow.   Mine  flooding  and  bulkheading  could  be  combined 
with  injection  of  surplus  water  to  a  deeper  receiving  zone  such  as  the 
Madison  group  limestone.   A  closed  system  overflow  pipe  could  siphon 
surplus  mine  pool  water  in  a  relatively  unoxygenated  state  to  a  deeper 
receiving  aquifer.   If  acid-forming  reactions  could  be  minimized  in  the 
mine  and  rapid  injection  of  ground-water  recharge  slugs  accomplished, 
the  injection  water  may  be  of  better  quality  than  typical  AMD  water. 
Mine  pool  water  injected  in  this  manner  may  result  in  water  quality 
impacts  to  the  Madison  aquifer  less  than  those  currently  being  exper- 
ienced. 
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